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STRUCTURAL AND PHYSIOGRAPHIC REGIONS OF THE NEWARK 1°x 2° QUADRANGLE

DESCRIPTION OF MAP UNITS

Note: A variety of Holocene de%aalts and Pleistocene glacial sediments are present throughout the
ﬂ‘uadrangle and Pleistocene and Tertiary terrace deposits of gravel, sand, and clay are gommon along
e area of the Fall Line. None of these units are shown on the map.

COASTALPLAIN
The Coastal Plain is a gently seaward-sloping surface on poorly consolidated sediments of Tertiary and
Cretaceous age. These rocks form a southeastward-thickening, gently tilted prism of strata which exceeds
755 m (2, t) in thickness along the coast, and thins to a feather edge along the Fall Line where they

unconformably overlap the Southem Piedmont and Newark Basin. Whereas the oldest Cretaceous clastic
sediments are mostly nonmarine, the overlying units are mostly marginal marine in origin.

Tch Cohansey Sand (Pliocene (?) and Miocene)—Well-sorted, crossbedded, medium-
grained, partly arkosic quartz sand; some dark, massive, carbonaceous, kaolinitic, and illitic
silty clay; crossbedded gravel in channels with pebbles of quartz and quartzite; and minor
metamorphic rock fragments which are less than 5 ¢m (2 in) in diameter. As much as 46
m (150 ft) thick, thinning toward the Fall Line

Kirkwood Formation (Miocene)}—Moderately well sorted, fine-grained, micaceous quartz
sand, locally clayey or silty with local thick beds of clayey silt and fine-pebble gravel. Lower
contactunconformable. 3076 m (100-250 ft) thick

Manasquan Formation (Eocene)—Thick-bedded to massive, silty and clayey glauconitic
and quartzose sand; interbedded clay and clayey silt. Apatite pellets and siderite
fragmentslocally abundant. 15-61 m (50195 fi) thick

Vincentown Formation (Paleocene)—Partly clayey, glauconitic quartz sand. 15-30 m
(50-100 ft) thick

Hornerstown Sand (Paleocene)Massive, poorly sorted, fine- to mediu ned,
locally very silty and clayey glauconite and quartz sand with some phosphate and
bone fragments. Lower contact unconformable. About 6 m (20 ft) thick

Red Bank Sand (Upper Cretaceous)—Very thick bedded, medium- to coamezamedh
muc

indurated, quartz, feldspar, and glauconite sand and fossiliferous sandy silt.

as3 m(]20ft}th|ck

Navesink Formation (Upper Cretaceous)—Dark-gra ilc -bedded, clayey and silty,
%]éuf?t}uk d, with organic matter, pyrite, and local thick shell beds. As much as 14 m
C.

Mount Laurel Sand (Upper Cretaceous}—Medium—tgrmned , poorly to modera
feldspathic quartz sand. Abundant borings filled glauconite sa.nd and thin—

dark, micaceous and carbonaceous silt and clay alternating with medium-bedded, light:
colored, micaceous, glauconitic quartz sand with discontinuous layers of gray saderlte
concretions, As much as 15 m (50 ft) thick

Wenonah Formation (Upper Cretaceous)—Generally dark, thick-bedded, fine- to
medium-grained, poorly to moderately sorted, carbonaceous, pyﬂtsc,vewsl]‘lyandclayey
quaﬂmseglauconmemnd.ﬂ%m{ 0-100 ft) thick

Cretaceous)—Dark, fine-grained, massive,

iferous, very silty a: dayey uconite sand with common mica,
5—%8&} thick

q

pyrite, and carbonaceous matter. 56 m (1

| Englishtown Formation (Upper Cretaceous)—Light-colored, well-sorted, fine-
medium crossbedded, glauconitic, feldspathic, and micaceous quartz sand, and

mtelr‘bedded clayey silt and sand with numerous siderite concretions. 646 m (20—150 ft)
1C]

Woodbury Clay (Upper (;!l;etaceous)—Dark v, ng:ave ( éo mdelyﬂ“lzcnﬂnated
carbonaceous, tic, Earﬂy uconitic, micaceous, ve ominan ) silt. As
muchas30m {%ﬂl R &
Merchantville Formation (U Cretaceous)—Dark, clayey micaceous, quartzose,
carbonaceous silt with int gravel containing reworked siderite concreﬂons- thick-
bedded glauconite and quartz sand. 6-30 m (20100 ft) thick

Magothy Formation (Upper Cretaceous}—Dark, micaceous, pyritic, kaolinitic, clayey silt
Hﬁ::d quartz sand with large lignitized logs. Lower contact is unconformable,

but is surficial deposits and precise location is poorly known on Staten Island

andh'lBtooklyn,N Y. 3 61lm [10—200&) thick

Raritan Formation (Upper Cretaceous)—Massive, crossbedded quartz sand; thick-

— bedded clayey silt; laminated clay and silt; and minor gravel. About 61 m (200 ft) thick

3. | Potomac Formation (U and Lower Cretaceous)—Modera well sorted,
o crossbedded, quartzose sand; gravelly sand with quariz and quartzite pebbles as much as

13 em (5in) lonuf;rand black, red, white, and , massive, kaolinitic and illitic,

stratified, lenticular clay. 76-244m [250—800 ) thick. Lower contact unconfonnable

All Coastal Plain sediments (Tertiary and Cretaceous)—Shown in cross section only.

Includes units Tch through Kp

NEWARK AND GETTYSBURG BASINS

The Newark basin, and west of the Schuylkill River, the Gettysburgbasin, form a rolling lowland underlain
by a thick succession of sedimentary rocks and basalt flows of Early Jurassic and Late Triassic age. Jurassic
diabase dikes, sills, and stocks cut and metamorphose older in the basin. The rocks generally dip
gently to moderately to the north toward a large fault zone that forms the basin boundary, although many
open folds with axes at high angles to the strike of the faults have been mapped. The rocks form a north-
ward-thi ing wedge with a composite thickness that may exceed 10,000 m (33,000 ft); however, not
all of the units are preserved in one area. Several generations of folds may affect the rocks of the basin,
but do not appear to affect the older pre-Triassic rocks outside the basin. The basin may have formed
as a pull-apart structure with significant stnke-slip movement along the larger faults. This could account
for local horsts and grabens within the basin ble sequential development of different parts of the
basin, the compressional regime that prod the folds and local thrust faults, as well as decoupling of
the folds within the basin from structures outside the basin. Some of the gently dipping listric normal faults
may represent reactivated segments of Paleozoic thrust faults, but with the opposite sense of movement.

ne conglomerate (kcl), quartzite conglomerate ('ﬁcql and unclassified conglomerate (kc) may
be partly Jurassic in age. Figure 1 shows stratigraphic and intrusive relationships.

Ve Diabase (Lower Jurassic)—Dikes, sills, and sill-like intrusives. Dark-gray to black, fine-

to coarse-grained (except very fine to fine-grained near chilled borders), composed
of calcic and augite. Some of the dikes are several miles long and as

much as 0.8 km (0.5 mi) wide; some may have been i trudedalmxghuluGen
deeply weathered. Larger bodies, as much as 520 m (1,700 ft) thick, interpreted as si
or discordant sheelswiﬂiovalorﬁnglikemncmppanmm Shales and siltstones
surrounding these bodies have been thermally metamorphosed to a purplish-red, light-
gray, and -gray, indurated, brittle, and fine-grained hornfels with quartz, plagoclase
sericite, , cordierite, epidote, hlonte, magnetite, homblende, pyroxene, tourmaline,
nephelme eancnmte and zeolite in a zone averaging about 610 m {2 000 ft) wide. The
unajm of :ins zone depends on the thickness of the intrusive, its topographic expression,
and its inclination

NEWARK SUPERGROUP"

- lomerate (Lower dJurassic)—Generally poorly exposed conglomerate and
conglomeratic sandstone with clasts of quartz, sandstone, conglomerate, granite,
metamorphic rocks, limestone, and bmh.dastsmaybemed‘lanlScm(ﬁmlm

diameter. Overlies Boonton Forrnaﬁon Hook Mountain Basalt, and Towaco Formation.
Thickness not known

Jb Boonton Formation of the Brunswick Gtoxgm{lmec)—Lowermnlsred , gray,
brown, and black, blocky, partly dolomitic ne; locally contains hopper (salt crystal)

casts pseudom hic after gypsum, glauberite, and halite. Overla.m by red, well-bedded
aﬂd!hldtbeddc;?slhstone and san rbdﬂnnbedsofgm -green siltstone. Bed of
microlaminated, gray, calcareous siltstone with fossil fish near , 1 m (3.3 ft) thick
with thin, grayand%mwnpebble—conglomemiebedsasmuchas .5 m (1.6 ft) thick.
Reptile and arthropod fossils also present. Northeast of Morristown, N. J., includes thick
sequences of red-, gray-, and brown-matrix conglomerate and breccia. More than 500 m
7 (1,640 ft) thick
Hook Mountain Basalto:ll:;‘Brutmick Grmlp(lmu.}uramc};n'l"’m ﬂ]olellmcpabuasalt
flows composed mainly of aphanitic to finely crystalli augite. In es,
the flows contain vesicles near the top. Asmud'tasllﬁml36l ft) thick
i TowaooFormatlm:‘ﬂhe Brunsw;kGru:p(clI.ower.lumsdc}——I;i\‘ed, gray, andblack
d fine- to coarse-grained sandstone, siltstone, and conglomerate in

Medial black and gray, rmcrohmmated, calcareous silfstone oontaim:;&g'losﬂc pollen
fish, and dinosaurs. C; average about 35 m (115 ft) in thickness with maximum
thlcknessofuni1340m 1,1151t)
Preakness Basalt of the Brunswick Group (Lower Jurassic)—At least three tholeiitic
basalt flows, with some pillows and basaltic breccia resembling aa. Columnar with
characteristic i ic joint pattern. Locally, thin red siltstone (Jps) separates the

platy prismatic
- flows. Thicknessis 215-300 m (705-984 ft) or more

Feltville Formation of the Brunswick Group in New Jersey and upper part of the
in Pennsylvania (Lower Jurassic)—Red, buff, gray, black, and white,

Brunswick Group

panly crossbedded, fine- to coarse-grained feldspathic sandstone; and black siltstone
fining-upward ; and a laterally continuous, gray, laminated limestone. Lower half

conlams a unit of black to white laminated limestone, calcarenite, silistone, and

crossbedded siltstone and sandstone about 1-10 m (3-39 ft) thick. Fossiliferous, with

reptiles, arthropods, abundant fish, and spores and pollen. About 170600 m
(558-1,969 i) thick. Orﬂylower215m (705 ft) preserved near Reading, Penn.

Orange Mountain Basalt of the Brunswick Group in New Jersey and Jacksonwald
Basalt of the Brunswick Group in Pennsylvania (Lower Jurassic)—The Orange
Mountain Basalt comprises at Ieast two tholeiitic, pillowed pahoehoe, and columnar basalt
flows, with thin interbedded volcaniclastic rocks that are about 1-4 m (3-13 ft) thick, in the
First Wat::hung Mountain of New Je The Jacksonwald Basalt (Wherry, 1910; also
called the Jacksonwald Basalt Member of the Brunswick Formation by MacLachlan, 1983),
9 km (5.6 mi) east of Reading, Penn., and another flow 8 km (5 mi) south of Flemington,
l;tl)_ t‘ij'ul: E’lay be the same extrusive unit. Probably between 100 and 200 m (328 and 656

:bl| Passaic Formation of Olsen (l980a)oiﬂwBrurBwlckGrquinNemeeyandlnwer
. | part of the Brunswick Group in Pennsylvania (Lower Jurassic and Upper Triassic)—
4 Predominantly grayish-red to reddish-brown, evenly to irregularly bedded, thin- to thick-

bedded shale, silistone, very fine to coame-gramed sandstone, and red-matrix
3 conglomerate. ‘becomes coarser in the northeastern half of the basin in New
Jersey. Mudcracks, ripple marks, crossbeds, and burrows are common. Contains
demta]cyclesofmedmm-tadark y and olive- to greenish-gray, thin-bedded and
evenly bedded shale and siltstone (Rpg, ®blg), similar to the rocks in the underlying
Lockatong Formation (&l). Many cycles are known near New Brunswick and northeast
of Lambertville, N. J., but are not shown on the map (Olsen, unpub. data, 1983). Greenish
and brownish, ﬁne-mooarsegxain , arkosic sandstone grades in places to quartzite
fanglomerate l'licq} and contains some interbedded red beds and i impure limestone or
calcareous shale. Locally contains dinosaur footprints. Individual cycles as much as 76 m
(250 ft) thick; some cycles are too thin to show on this map. Lower contact with the
Lockatong Formation (&l) gradational through about 500 m (1 640 ft) and is mapped
where thickness of red beds is dominant over thickness of gray and black beds. Interfingers
laterally with the Lockatong (&I) and Hammer Creek (kh) Formations. Where the unit
grades laterally into the Lockatong, lower contact is either conformable and gradational
to older rocks of the Newark Supergroup, or is unconformable on basement rocks.
Contains reptiles, arlhmpods pelecypods, plant unpresstons es, and pollen. The
Jurassic-Triassic boundary lies within the uppermost 100 ft). The maximum
thickness may exceed 6,000 m (19,685 ft) in the western part of the basin and is about
2,670 m (8,760 ft) in the northeastern part

WEST

FIGURE 1—Correlation diagram for the Newark and Gettysburg Basins.

Th nc| Hammer Creek Formation (Upper Triassic)—Red, brown, and less abundant light-gray,
very fine to coarse-grained and conglomeratic, thin- to thick -bedded sandstone, with some
crossbedding, lensing, channeling, and ripple marks, and thin- to medium- bedded red
shale and siltstone with ripple marks and mudcracks. Contains beds with abundant red and
gray, thick- to very thick bedded conglomeratic sandstone with clasts of quartz, quartzite,

sandstone, limestone, and shale as much as 25 cm (10in) long (& hc} The contact
between the Hammer Creek Formation (&h) and the lower partn?the Brunswick Group

(JRbI) is arbitrarily placed in the Schuylkill River area. Thickness of the entire Hammer

Creek Formation may be as much as 2,800 m (9,187 ft)

Lockatong Formation (Upper Triassic)—Predominantly laminated to thick-bedded,
gray and black siltstone and shale; rich in fossils, including plants, reptiles, fish, and
dlagnostic spores and len. Unit onmposed of aliemanng detrital and chemical-lacustrine
lower part laminated, medium-dark-gray to black, calcareous, pyritic
sa ne and shaje overlain by platy to massive, disruj (mudcracked and burrowed),
dark-gray, calcareous siltstone, ripple-bedded siltstone, and fine-grained sandstone; more
common in the lower L.ockaton Averages about 5. 2m(17.1 ﬁ] in thickness. Chemical
cycles: Lower part platy, medzum darkg‘aytoblack dolomitic siltstone and marlstonewlth
shnnkagecracksandlenses of pyritic limestone, overlain by massive, %ay red, analcime-
and carbonate-rich, di siltstone. Average thickness about 3 (10. 5 ft). Lower
contact of Lockatong al, placed at base of lowest continuous black siltstone bed.
Contains interbedded, reddish- brown, sandy siltstone in units from about 3 to 82 m (10
to 270 ft) thick ('Iilrl Interfingers laterally with and tionally into the underlying
Stockton Formation (ks) as well as up into the Passaic Formation [Ji p)and lower part
of the Brunswick Group (J&bl). Wedges out between the Stockton (ks) and Hammer
Creek (Rh) Formations west of the Schuylkill River. Maximum thickness about 1,180 m
(3.871 ft)

| Stockton Formation ( Triassic)—Light- to medium-gray and light ish-gray
to pale-reddish-brown, - to thick-bedded, fine- to coarse-grained , arkose
and arkosic conglomerate wﬂh pebbles of quartz, quartzite, feldspar, shale, hmestone, and
metamorphic rocks locally more than 8 cm (3 in) long; gray:sh—red to moderate-reddish-
{ brown, and light- to medium-gray siltstone and shale, bioturbated by roots and burrows;
" and graylsh -red to reddish-brown, thin- to thlck«bedded verﬂﬂ.l:‘ne to medium-grained,
arkosic sandstone, generally ﬁnmg upward with abrupt lateral . These rocks
contain channels, ripple marks, mudcracks, crossbeds, pinch-and structures, and
minor burrows. Purplish siltstone near the middle and top. Well-bedded, gray and gray-
n, fossiliferous siltstone present locally in upper Stockton. Locally contains red
?m:stone breccia filling solution cavities in Ordovician-Cambrian limestones. Local gra
and buff, thick-bedded to crudely bedded, arkosic conglomerate and arkose wltﬁ
subangular to rounded pebbles of quartz, quartzite, limestone, and underlying basement
rocks as much as 8 cm (3 in) long in a red, arkosic sand to silty shale matrix (ksc). Units
containing conglomerate average about 100 m (320 ft) in thickness. Lower contact
unconformable. The Hammer Creek (kh)isa lateral correlative and unconformably
overlies this unit. Maximum thickness is 1, m (6,000 ft) in the center of the basin,
thinning in all directions to less than 250 m (820 ft) near Hoboken, N.J. In Montgomery
County and eastern Chester County, Penn., the Stockton is divided into three members.
Upper shale member (Rsu), red shale and siltstone with some fine arkosic
sandstone. 18—305 m (60-1,000 ft) thick. Middle arkosic member (ksm), fine- to
medium-grained, arkosic sandstone with red shale and siltstone. 518-1,280 m (1,700-
4,200 ft) thick. Lower arkosic member (&sl), medium- to very ooarsegmned arkosic
sandstone and conglomerate, with ﬂne-grajned arkosic sandstone and red shale and
siltstone. 168823 m (550—2,700 ft) thick
, medium- to dark-medium-

- Limestone conglomerate (Upper Triassic)—Subangular,
g:y limestone and dolomite clasts as much as 1 m (3.3 ft) in diameter (derived from
m

brian limestones in the immediate area) and rare gneiss pebbles and cobbles in a
rnatéllx “::d red, partly arkosic sandstone and siltstone. %.mny becomes finer grained
SOou’

- Quartzite conglomerate (Upper Triassic)—Rounded pebbles, cobbles, and boulders, as
much as 30 cm (1 ft} long, of white, llght—gray and reddish quartzite, and lesser calcareous |

sandstone in a matrix of red, partly arkosic siltstone and sandstone. Source from Silurian
rocks to north. Generally becomes finer grained southward. About 305 m (1,000 ft) thick

- Unclassified conglomerate (Upper Triassic)—Conglomerate and conglomeratic
sandstone with rounded to angular quartzite, limestone, gneiss, and basalt clasts as much
as 1 m (3.3 ft) long. Asmuch as 305 m (1,000 ft) thlckmplaces

VALLEY AND RIDGE PROVINCE

The Valley and Ridge province can be divided into lithotectonic units, each comprising a of
formations with their own deformation and erosion characteristics. Incompetent rocks, such as the
Marcellus Formation and the top of the Formation, are zones of detachment separating the
lithotectonic packages. Alleghanian deformation, dominated by a thrust system of imbricate splays, has
produced a series of northeast-trendi nonhwﬁt -verging, upright to overtumed folds. Many of the

anticlines may be directly related to b ind thrusts at depths. Figure 2 shows stratigraphic and facies
relations of Silurian and Devonian rocks.
PI Llewelyn Formation (Upper and Middle Pennsylvanian)}—Very light gray to gmﬁ:s
black, light-brownish-gray, greenish-gray, and grayish-orange, very thin

bedded siltstone and shale wia abundant plant debris; evenly bedded to lenticular, partly
channeled, graded, crossbedded, and rippled, fine- to coarse sandstone and
conglomerate; evenly bedded to lenticular, partly channeled, graded, crossbedded, and
ri conglomeratic sandstone with quartz and quartzite les; and less abundant
chert and metamorphic rock fragments as much as three inches in diameter with numerous
anthracite coal beds. Lower contact sharp and placed at base of shale or underclay beneath
the Buck Mountain (No. 5) coal bed (not identified on the map). 275625 m [980—

ft) thick

- Pottsville Formation (Middle and Lower Pennsylvanian)—Light- to dark-gray and olive-

gray to yellowish-brown, thin- to very thick bedded, planar-bedded and crossbedded,
tabular to lenticular conglomerate; fine- to coarse-grained sandstone with quartz and
quartzite pebbles as much as 20 cm (8 in) long; minor pebbles of other metamorphic and
sedimentary rocks; less abundant shale and siltstone with plant debris; and several beds
of anthracite coal. Lower contact at top of highest red bed of underlying Mauch Chunk
Formation (PMm). 250450 m (820-1,475 ft) thick

| Mauch Chunk Formation (Lower Pennsylvanian and Upper Mississippian)—Grayish-
_ | to pale-red, light- to dark-gray, and olive-gray, laminated to thick-bedded, planar-bedded
and crossbedded, partly lenticular and channeled, very fine to medium-grained sandstone,
some shale and siltstone, and minor conglomerate with quartz and quartzite pebbles more
than 8 cm (3 in) lcmga Mudcracls ripple marks, and rahxdsz impressions are common.
Lower contact is gradational and plaeed at base of lowest r bed above gray beds of the
underlying Pocono Formation (Mp). About 950 m (3,100 ft) thick

- Pocono Formation (Lower Mississippian)—Light- to medium-gray, thin- to very thick
bedded, quartzitic conglomerate with quartz pebbles and minor amounts of chext and
quartzite pebbles as much as 8 em (3 in) long; structureless and crossbedded, medium-
grained sandstone; and minor thin, lenticular beds of light- to dark-gray siltstone and shale
‘{ng-nma)ﬂ?:;ndant plant debris. Lower contact sharp and unconformable. 225-305 m (820

- Spechty Kopf Formation (Lower Mississippian and Upper Devonian)—Light-olive-

gray to grayish red-purple, discontinuous, generally massive and unsorted, polymictic
conglomerate; quartzite, schist, slate, gneiss, quartz, and siltstone pebbles generally as
much as 10 em (4 in) in d.lameter' some larger clasts. Locally grades up into partl
laminated, light-olive-gray, sh é} and pebbly siltstone and shale; white, planar-bed decll
rippled, very thin to thin-bedded, well-sorted sandstone with some load casts; and
med:um-grzg g bedded, fine- to coarse-grained, conglomeratic sandstone with
quartz and chert pebbles as much as 2.5 cm (1 in) in diameter. Lower contact is an irregular
unconformity with basal diamictite resting on red or grav rocks of the underlying Catskill
Formation. 115-275 m (375-900 ft) thick

DuCatskﬂl FmMemmbne:l—],g e Dﬁur'::dlan}d medi fine- ned, partl

2 ncannon rayisl an um-gray, to very coarse grai y

massive and crossbedded, very thick sandstone beds with scouree'l\:lases, ﬁss:le to masswe
very thick bedded slltstone and shale with burrows and roots; and minor, D%\
crossbedded conglomerate with red and white quartz and quartzite pebhles and cobbles
as much as 15 cm (6in) long, in fining-upward cycles. Thick, red, basal conglomerate rests
fﬂ eemsh-gray siltstone of underlying (] w.lal’rlm Ferry Member (Dccf). 152-296 m (500-970

P lar Gap Member—Poplar Gap Member of Berg (1975) is here adopted for use by the
? U?. | Survey. Medium-gray, light-olive-gray to greenish-gray, fine-tovery coarse
grained, very thin to very thick bedded, planar-bedded and crossbedded sandstone and
conglomeratic sandstone with quartz pebbles as much as 2.5¢m (1 in) long; pale- tograyish-
red, medium- to thick-bedded shale, siltstone, and sandstone with burrows and plant
fragments; and some discontinuous, dark-gray slltslone beds as much as 0.6 m (2 ft) thick.
Base at bottom of lowest red bed above conglomerate of the Packerton Member (Dcp).
Grades southwestward into the Clarks Ferry Member {Dccf) and Berry Run and Sawmill
Run Members (Dcbs). 259-518 m (850-1,700 ft) thick
Clarks Ferry Member—Greenish-gray, olive-gray, bluish-gray, brownish-gray, and
ncirish-red fine- to very coarse grained, thin- to very thick bedded, rippled, planar-bedded
and crossbedded sandstone and minor conglomerate with pebbles of quartz, sandstone,
and argillite; and minor greenish-gray and olive-gray, flaggy siltstone. Basal con merate
with abrupt contact on red siltstone and ﬂneiramed sandstone of underlying Run

Berry Run andSawml.l] Run Members, undivided

Berry Run Membethlght— to medium-gray, vellowish- to olive: ne-gray, greenish-gray,
brownish-gra grayish-red, very fine to very coarse grai laminated to very
thick beddecl; planar-bedded, crossbedded, partly co dal;ﬁlomeraﬂc (granule) and
calcareous sandstone; medium- light- to greermh-gmy bluish dﬁay and graylsh~
red, laminated and ﬂamy siltstone; and minor greenish-gray and
shal.e— partly in fining-upward cycles. Basal sandstones form topographic hi next to
1 ; sﬁl.}ntlhdyexla.ln by gray and red siltstone of Sawmill Run Member. 300-335 m (980-

ick
Sawmill Run Member—Greenish-gray, olive-gray, brownish-gray, medium-gray, and

grayish-red, very fine to medium-grained, laminated to very thick
cmssbedded, planar-bedded, and irregularly bedded, partly calcareous sandstone

with some plant fossils; pale- to dusky-red, olive-gray, brownish-gray, and greenish-
gray, laminated to thin-bedded shale. Basal contact placed at bottom of re siltstone
overlying gray sandstone of Packerton Member (Dcp). Forms valleys. 43-130 m

(140425 ft) thi
Packerton Member—Medlum-gray, olive-gray, greenish-gray, brownish-gray, and minor
- grayish-red, generally fine to medium grained, but ranging to conglomeratic, rarel
mlcareous, thin- to very thick bedded sandstone with some plant debris and fossil fis
fragments; minor c ngiomerate with quartz, sandstone, and silistone pebbles as much as
2.5 cm (1 in) long and shale clasts as much as 15 cm (6in) long; and lenses of ohve—graci;
shale. Lower contact at base of gray sandstone, or locallterat base of grayish-re
conglomeratic sandstone overlying red shale of Long Run Mem
- Long Run Member—Grayish-red to grayish-red-purple and minor greenish-gray,
laminated to thick-bedded siltstone and shale with minor ripple marks, burrows,
mudcracks, roots, and dark-yellowish-orange, ferroan dolomite nodules; and medium- to
medium-darkgay greenish- to olive-gray, and grayish- red, laminated to thick-bedded,
planar-bedded and minor crossbedded, silty, limonitic, and micaceous ne with
some channeled bases with rare quartz-pebble conglomerate, load casts, ripple markr,
shale chips, bivalves, crinoid columnals, and plant fragments. Many ﬁrnng-u
Base placed at bottom of lowest red bed above gray rocks of Beaverdam Member
(Dcbr). 634 to about 1,000 m (2,080-3,280 ft) thick

- Beaverdam Run Member—Light- to medium-dark-gray, light-olive- to greenish-gray, and
moderate-brownish-gray, laminated to thick-bedded, ar-bedded and crossbedded,
very fine to line-gramedk,l limonitic, micaceous, partly silty sandstone; a few thin, granule-
conglomerate zones; some load casts, ripples, bases of sandstones, burrows,
andshalec‘l::ﬂhT myﬂ;ﬂbﬁed[%andshﬂesmmgsﬁ
fossiliferous entacu crin umna iopods, pelecypods, an t
fragments. Base placed at top of uppermost red bed of underlying Walcksville Member
{Dcw). 61-351 m (200-1,150 ft) thick; thins southward and eastward by intertonguing
with the underlying Walcksville Member

Walcksville Member—Grayish-red to medium-brownish-gray, and olive- to e&reemshgray,
laminated and ripple-laminated to massive, bioturbated, partly mudcracked siltstone and
silty shale with irregular ferroan dolomite 'nodules and some rootlets; and medium- to
moderate-greenish-gray, grayish-red-purple, very fine to medium—gmm nar-bedded
and crossbedded, tl‘lm- to th.lck bed(%d limonitic sandstone; an n, shale-chip
conglomerates. Beds are mostly in ﬁnmg—l.rpward cycles. Lower contact Iaced at base of
first red bed above non-red rocks of the Towamensing Member (Dct). 'F6—762 m (250-

2,500 ft) thick; thickens eastward and southward

- Towamensing Meﬂ‘lber—Medlum light- to medium-dark-gray, and olive- to greenish-gray,
very fine to medium thin- to thick-bedded, generally flaggy, planar-bedded and
less abundantly cr and rippled, partly graded, limonitic sandstone with some
load casts; and lesser ll{;—é}ll\l&~ to medium-greenish-gray and dark-gray, laminated to
thin-bedded and ripple-bedded siltstone and silty shale. y contains brachiopods,
crinoid columnals, pelecypods, Tentaculites, and plant fragments. Lower contact placed
at base of lowest sandstone above predominantly blocky siltstone of the Trimmers Rock
Formation (Dtr). 58-183 m (190600 ft) thick
Walcksville and Towamensing Members, undivided—Shown in cross section only.
Includes units Dew and Dct

Poplar Gap and Packerton Members, undivided—Shown in cross section only. Includes

- units Dcp and Dcpg

Clarks Ferry, Ben-z_.Run. Sawmill Run, and Packerton Members, undivided—Shown in
cross section only. Includes units Dccf, Decbs, and Dep

Trimmers Rock Formation (Upper Devonian)}—Medium- to medium-dark-gray, and
rare olive-gray, laminated to thin-bedded, planar-bedded and cross-laminated, siliceous,
blocky, graded siltstone to ﬁne-%lamed sandstone and silty shale with some burrows, load
casts, groove casts, scour-and-fill structure, ball-and- &ﬂw structure, wavy laminations,
flaser beddmg brachlopod, crinoid, bryozoan fossil debris, and plant fragments. Lower
contact is transitional and placed at base of dominantly siliceous siltstones which are bottom
of ridge-forming sequence. 183-396 m (600-1,300 ft) thick
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- Mahantango Formation (Middle Devonian)—Medium-dark- to dark-gray,

bedded and laminated to thin bedded, bioturbated, shaly siltstone and silty shale.
are diverse and scarce to abundant in different parts of the formation. Many fossiliferous
intervals, at least four of which have been traced for many kilometers; mappable
biostromes made up of abundantly fossiliferous (brach , pelecypods, crinoids,
bryozoans, corals, trilobites, , and others), sligh
noncalcareous, medium-light- to dark-gray, shale and s
biostromes range from about 3 to 20 m (10 to 65 ft) thick. Near the top of the formation
is the Nis Hollow Siltstone Member, a medium-light- to medium-dark-gray and olive-gray,
laminated to thin-bedded, sllleeous slightly fossiliferous, bl siltstone to very fine
sandstone mterbeddedunﬂ)dark-gra shale. The Nis Hollow is as much as 17 m
56 ft) thick, but cannot be identified west ol’the New Ringgold 7.5-minute quadrangle.
Near the base of the tango in the New Ringgold quadrangle is a exposed,
very fine grained graywacke that may be the easternmost feath edge of the Montebello
Sandstone Member. The lower contact of the Mahantango is gradational through 30 to

— 60 m (100 to 200 ft) of siltstone and shale. Thicknessis 360-785m (1,180-2,575 ft)
- Dm | Marcellus Shale (Middle Dewtlan)—MedJum-dark-gmy to g:ra ish-black, laminated to
poorly bedded, sparingly fossiliferous tdepawﬁ fauna) shale and silty
shale. Lower part, as much as 60 m (200 ft) thick in lheeastandlessﬂ'lan 21 m (70 ft)
thick in the west, consists of medium- to medium-dark-gray, laminated to thin-bedded,
calcareous, sha]y siltstone and argillaceous limestone (Stony Hollow Member) above, and
med:um-dark-gray to grayish-black shale (Union Springs ber) below. The Tloga Ash
d:»yrl(zgmlcaceous tuffaceous shale occurring in three thin beds, is exposed at and

ithin 9 m (28 ft) of the base in the Lehighton quadrangle
- Buttermilk Falls Limestone through Formation, undivided—Ranges from 81
to 168 m (265 to 550 ft) thick. See for stratigraphic relations and thicknesses of

individual units
Buttermilk Falls Limestone (Middle Devonian}—Medium- to medium-dark-gray,
very thin to thin-bedded, irregularly bedded, fossiliferous, fine- to very coarse grained,
chertg limestone and argillaceous limestone with abundant crinoid columnals as much

cm (1 in) in diameter in lower part; deeply leached in westem exposures.
Contains Ti Ash Bed, about 7.6 m (25 ft) below top and 34 cm (1.1 ft) thick near
Stroudsburg, Penn.

Palmerton Sandstone (Middle and Lower Devonian)—Very light to medium-dark-
gray, medium- to very coarse grained, generally massive sandstone and
conglomeratic sandstone with quartz pebbles as much as2cm (0.75in) long

Schoharie Formation (Middle and Lower Devonian)}—Medium-gray to grayish-black,
laminated to very thick bedded, slightly cherty, fossiliferous, calcareous siltstone with
Taonurus and other burrows

Esopus Formation (Lower Devonian)—Medium- to dark-gray, well-cleaved, generally
laminated to poorly bedded siltstone with abundant Taonurus

Schoharie and Esopus Formations, undivided (Middle and Lower Devonian)—
Mostly weathered, medium-light- to dark-gray, laminated to thin-bedded, blocky,
partly cherty, siliceous siltstone to fine-grained sandstone with Taonurus. Lower

- contact with Ridgeley Sandstone (Doh) is unconformable
Oriskany Group through Helderberg Group, undivided (Lower Devonian)—Ran
from 55 to 125 m (180 to 410 ft) in thickness. Lower contact with Rondout and Da:liz
Formations (Sdp) gradational. See figure 2 for stratigraphic relations and thicknesses of
individual units
Ridgeley Sandstone of the Oriskany Gro ight- to medium-gray, fine- to very
coarse grained, to unevenly bedded, thin-bedded, fossiliferous (spiriferid
brachiopods), calcareous sandstone and conglomerate with quartz pebbles as much
as 2 cm (0.75in) long, with minor , arenaceous limestone, and chert
Shriver Chert of the Oriskany Group—Medium-dark-gray, calcareous, fossiliferous
shale and siltstone and minor calcareous sandstone
Port Ewen Shale of the Helderberg Group—Medium-dark-gray, fossiliferous,
sun-regulaxly bedded to laminated, burrowed, well-cleaved, calcareous shale and
tstone
Minisink Limestone of the Helderberg Group—Medium- to dark-gray, argillaceous,
fine-grained, fossiliferous limestone and calcareous shale
New Scotland Formation of the Helderberg Group—Medium-dark- to dark-gray,
well-cleaved, cherty, fossiliferous, calcareous and silty shale and argillaceous
limestone, deeply leached in western exposures
Coeymans Formation of the Helderberg Group—Medium- to dark-gray, fine- to very
coarse grained, irregularly bedded, very fine to thick-bedded, argillaceous and
arenaceous, partly cherty, fossiliferous, burrowed, partly biohermal limestone, and
medium-gray, fine- to coarse-grained and pebbly, fossiliferous, crossbedded and
-bedded, calcareous sandstone and conglomerate with quartz pebbles as much
as2.5cm(1lin)long
Dbe and Doh combined. Shown in cross section only

Buttermilk Falls Limestone through Coeymans Formation, undivided (Middle and
Lower Devonian)—Generally s:urnla.r to Dbe and Doh to east except that units are
generally deeply weathered and thinner. Limestone content of the Coeymans Formation
reases w Therefore this unit may not extend west of the Lehighton 7.5-minute
uadrangle, but could be represented by rocks of the Andreas Red Beds of Swartz and

gwartz 941). Definitive discrimination of the New Scotland Formation, Oris Group,
Schohane and Esopus Formations, and Palmerton Sandstone west of the Lehighton 7. 5-
minute quadrangle has not been described. Unit ranges from about 15 to 136 m (50 to
445 ft) in thickness. See figure 2 for stratigraphic relations and thicknesses of individual units
- Rondout Formation and Decker Formation t h Poxono Island Formation,
undivided (Upper Silurian}—About 53 to 280 m (175 to 920 ft) thick. Lower contact
dational emt:lmr placed at top of predominantly red seauence of underlying Bloomsburg

ed Beds (Sb). See figure 2 for stratigraphic relations and thicknesses of individual units

Rondout Formation—Light- to medium-dark-gray, very fine to medium-grained,
fossiliferous, laminated to thin-bedded limestone; mudcracked, calcareous shale; and
medium- to dark-gray, very fine grained, laminated, mudcracked dolomite

Decker Formation—Medium-light- to medium-dark-gray, calcareous, fine- to coarse-
, thin-bedded, crossbedded to planar-bedded to ﬂaser-bedded, fossiliferous,
burrowed sandstone. calcareous conglomerate with quartz pebbles as much as 1. 3
cm (0.5 in) in diameter; calcareous silistone; fine- to coarse-grained, arenaceous
limestone; calcareous shale; and medium- to greenish-gray, mudcracked dolomite.
mes more conglomeratic to the southwest
Andreas Red Beds of Swa:rtz and Swartz (1941)Pale- to grayish-red and light- to
greenish-gray, very coarse grained and conglomeratic, thin- to thick-
bedded, massive and crosbe ed sandstone with quartz pebbles as much as 2.5 cm
(1 in) in diameter; and burrowed shale and silistone. May correlate with either the
Coeymans Formation or upper part of the Decker Formation

Bossardville Limestone—Medium- to dark-gray and olive-gray, fine to fine-
grained, laminated to thin-bedded, wavy-bedded, graded, foss@’erous (mainly
leperditiid ostracodes), argillaceous, and partly dolomitic limestone; and olive-gray,
calcareous shale with mudcrack polygons more than 5 m (15 ft) deep and some
dolomite intraclasts as much as 2.5 cm (1 in) in diameter

Poxono Island Formation—Pale-green to greenish-gray, and medium- to dark-gray,
partly mudcracked, ostracode-bearing, laminated to thick -bedded, calcareous shale;
very fine to ﬁne-grained dolomite; eous limestone with dessication breccia

arglllac
locally at the top and pale-red, interbedded shale near the bottom
- Buttermilk Falls Limestone through Poxono Island Formations, undivided (Middle
Devonian through Upper Silurian)—Shown in cross section only. Includes units Dbh and

Srp. Applies only to central part of Valley and Ridge province on map. See figure 2 for

stratigraphic relationships
- Buttermilk Falls Limestone through Poxono Island Formation, undivided (Middle
u%edUggg; Silurian)—Rocks of the Ridgeley Sandstone of the Oriskany
Group Andreas of Swartz and Swartz (1941), Decker Formation, Bossardville
Limestone, Poxono Island Formation, and possibly the New Scotland Formation are
recogmzed in scattered ou . The Buttermilk Falls Limestone is probably present under
cover. Continuation of the Palmerton Sandstone, Esopus Formation, and Schoharie
Formation from the northeast into the westernmost of the Newark 1° x 2° quadrangle
is uncertain. Thickness about 53—69 m (175-225 ft). See figure 2 for stratigraphic relations

and thicknesses of individual units

- Bloomsburg Red Beds (Upper Silurian)}—Grayish-red to dark-reddish-brown, pale-red
to grayish-red- 'E::_rple and greenish-gray to pale-green, crossbedded and planar ded,
laminated to k-bedded shale, siltstone, fine to coarse-grained sandstone, and
minor conglomeratic sandstone with cut-and-fill structures, mudcracks, ferroan dolomite
nodules, local fish scales, and red mudstone intraclasts as much as 8 cm (3 in) long. Many
ﬁmng—upward cycles. Lower contact gradational, very irregular in places, and placed at
base of lowest red bed above gray rocks of the Shawangunk or Clinton Formation. 244—
549 m (800-1,800 ft) thick
Shawangunk Formation (Silurian and Upper Ordovician (?)}—Three members of the
Shawangunk Formation extend southwestward into the Slatedale 7.5-minute quadrangle.
To the southwest of the quadrangle, only the Lizard Creek and the Minsi Members maintain
their identity. These two members are similar to the Clinton Formation and Tuscarora
Sandstone. The arbitrary boundary between the Shawangunk and the Clinton-Tuscarora
is therefore placed in the Slatedale 7.5-minute quadrangle

- Tammany Member (Middle Silurian}—Medium- to medium-dark-gray, planar-bedded
and crossbedded, thin- to thick-bedded, fine- to coarse. ed and conglomeratic
quartzite with quanz and argillite pebbles as much as 5 cm (2 in) long, and minor beds
of dark-gray argillite. Lower contact tional. 0-249 m (0—816 ft) thick. Grades laterally
to the southwest into the Lizard Creek Member (Ssl) in the Kunkletown 7.5-minute
quadrangle
- Lizard E.reek Mem? (Middle Slluna.n}‘—-;.lgh'l- tg dark-grﬂzgk and light-olive- to dark-
greenis| very fine to coarse-grained, laminate tuvery bedded, planar-bedded,
crossbed-g;?ly flaser-bedded, rippled, partly channeled, burrowed quartzite with flattened
argillite cobbles as much as 10 cm (4 in) in diameter; minor dark-grayish-red-purple, fine-
grained, burrowed, hematitic quarizite, interbedded with medium-light- to dark-gray and
olive- to greenish-gray, laminated to thin-bedded, flaser-bedded, burrowed siltstone and
shale; scattered thin beds contain collophane, siderite, and chlorite nodules, quartz pebbles
as much as 0.6 cm (0.25 in) long, and Lingula and euryptend fragments. Lower contact
transitional and placed at base of lowest argillite in sequence containing abundant argillite
above quartzites of underlying member. 82-427 m (270-1, ft) thick; thins
southwestward and is replaced by the Clinton Formation (Sc) southwest of the Slatedale
7.5-minute quadrangle
Minsi and Weiders Members, undivided (Lower Silurian and Upper Ordovician)

Minsi Member—Very light to dark-gray and light-olive- to nish-gray, partly
burrowed, planar-bedded and dded, thin- to thick- ed, fine- to coarse-
grained, partly conglomeratic quartzite with pebbles of quartz and chert not more than

5 cm (2 in) in diameter and cobbles of shale as much as 18 cm (7 in) in diameter;

minor medium-dark- to dark—gra and greenish-gray, laminated to thin-bedded,

locally mudcracked siltstone an sgale Local Arthrophycus. Lower contact placed at
top of uppermost bed of the Weiders Member containing quartz pebbles more than

5 cm (2 in) long or, northeast of the Kunkletown 7.5-minute quadrangle, in sharp

unconformable contact with the Martinsburg Formation. 61-107 m (200-350 ft)

thick. These two units are not recognized southwest of the Slatedale 7.5-minute
quadrangle and the combined unit in that area is called Tuscarora Sandstone (SOt)

Weiders Member—Medium-light- to medium-dark-gray and greenish-gray, planar-

bedded and crossbedded, thin- to thick-bedded, medium- to very coarse grained

xartzlte conglomerate with quartz and chert cobbles as much as 17 cm (6.5 in) in

eter and shale cobbles as much as 20 cm (8 in) in diameter; and rare, greenish-

gray, laminated to thin-bedded e. Lower contact with Martinsburg Formation

unconformable. 0—-67 m (0-220 ft) thick. Pinches out southwest of Slatedale 7.5-

minute quadrangle (where it is equivalent to part of the Tuscarora Sandstone) and

northeast of the Kunkletown 7.5-minute quadrangle

- Tammany through Weiders Members, undivided (Silurian and Ordovician)—Shown in
cross section only. Includes units Sst, Ssl, and SOsw

- Clinton Formation (Middle Silurian}—Gray, green, and red sandstone, siltstone and

shale laterally continuous with and lithically similar to the Lizard Creek Member of the

Shawangunk Formation (Ssl), except that it contains more red beds. Lower contact

gradational. About 396427 m (1,300-1,400 ft) thick

- Tuscarora Sandstone (Lower Silurian and Ug]e)er Ordovician)—Gray quarizite laterally
continuous with and similar to the Minsi Member of the Shawangunk Formation. Lower
contact abrupt and unconformable. About 76 m (250 ft) thick

GREEN POND SYNCLINE

The Green Pond syncline is a narrow, northeast-trending, faulted syncline containing a thin, but fairly
complete section ofsg;leozmc sediments, located in the middle of the external massif of the Reading
Pron The very narrow southwestern end of this structure is located in the Newark 1° x 2° quadrangle.

eozoic rocks sit unconformably upon the Proterozoic basement. However, the Paleozoic section
ls cut by a number of thrust faults, and in places the contact between the basement and cover rocks may
be structural. In places, folds in the Paleozoic section are decoupled from the older basement rocks. Many
of the Paleozoic rocks correlate with thicker units in the Valley and Ridge Province (see the Correlation
of Map Units) showing that these rocks once were present between the two areas, a distance of more
than 25 kilometers. A significant strike-slip component of movement is possible on the normal faults in
the Green Pond syncline.

Bellvale Sandstone (Middle Devonian)—Bellvale Flags of Darton (1894) is herein
adopted for use by the U. S. Geological Survey as Bellvale Sandstone. Medium-gray,
flaggy sandstone, black shale and siltstone, sandier in u; part. Grades upward into red
sandstone, shale, and conglomerate of the Skunnemunk Conglomerate, which is exposed
just north of the Newark 1° x 2° quadrangle. About 610 m (2,000 ft) thick

m Marcellus Shale (Middle Devonian)—Very dark gray, sparsely fossiliferous shale, more
silty in upper part. About 180 m (590 ft) thick
Connelly Conglomerate, Formation, and Kanouse Sandstone, undivided
(Lower Devonian)—Total unit thicknessabout 117 m (383 ft)

Connelly Conglomerate—Connelly Con erate of Chadwick {1908[) is herein
adopted for use the U. S. Geological Survey. White to light-gray, fossiliferous
conglomerate and quartz-pebble conglomerate. Lower contact unconformable.
About 12 m (39 ft) thick
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FIGURE 2—Stratigraphic section of Upper Silurian through lower Middle Devonian rocks in the Valley and Ridge
Province showing formation groupings in the Newark 1° x 2° quadrangle.
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Esopus Formation—Light- to dark-gray, fossiliferous (Taonurus) siltstone and fine-
grained sandstone; dark-gray to black mudstone and siltstone. Lower contact
unconformable. About90 m ( ft) thick

Kanouse Sandstone—Light-gray, thick-bedded, fine conglomerate with quartz pebbles
as much as 10 mm (0.4 in) long; sandstone in lower part grad into sparsely
fossiliferous sandstone. About 15 m (49 ft) thick

| Decker and Poxono Island Formations, undivided (Upper Silurian)—Total unit
4 thickness about 144 m (473 ft)

Decker Fcrmaﬁon—Ueg) thin to thin-bedded, fossiliferous, gray to greenish y,
calcareous silistone and medium-gra dolomite, with interbedded olive-gray
Local sandstone and conglomerate beds
About 38 m (125 ft) thick
Poxono Island Formation—Medium-gray, greemshgray, faylshyellowweathenna’
laminated to thin-bedded, mudcracked, ai lolomite, interbedded wif
greenish-yellow, medium-grained, thin- to tluck bedded crossbedded sandstone;
and green, e, and bluish-gray, laminated to very thin bedded, silty shale and
green siltstone. Lower contact gradational. About 106 m (348 ft) thick
High Falls Formation (! Silurian)}—Grayish-red, nonfossiliferous, silty shale with
thin sandstone common in half. Lower contact probably transitional. About 91-107
m (299-351 ft) thick
Green Pond Conglomerate ( Silurian)}—Gray and reddish-gray sandstone and
conglomerate with predominantly white quartz and minor gray, green, red, and yellow
chert, red shale, and red sandstone cobbles as much as 7.6 cm (3 in) long. Lower contact
unconformable. About 300—-425 m (984—1,394 ft) thick

LEHIGH VALLEY AND SCHUYLKILL SEQUENCES

near base. Lower contact oonformable

The Great Valley of Pennsylvania and New Jersey is a northeast-trending lowland bounded by Blue
Mountain-Kittatinny Mountain on the northwest and the highlands of the Reading Prong on the southeast.
The Lehigh Ua]]ey sequence, within the Great Valley, comprises a thick section of Ordovician clastics,
a
All of these rocks have been multiply deformed, perhaps by a continuum of deformation between Taconic

section of

Ordovician and Cambrian carbonates, and a very thin Cambrian quartzite at its base.
time. These rocks contain a large number of thrust faults concentrated at several

stratigraphic levels. These include: 1) the entire lower thin-bedded slate member of the Martinsburg

Formation (Omb), 2) the incompetent Jacksonburg

Limestone (Oj) which sits stmhgmpluca]ly on top

of the much more competent, dolomite-dominated Beekmantown Group, and 3) the base of the
Allentown Dolomite (O€a) or Leithsville Formation (€1). The lowest unit in both sequences, the

Hardyston Quartzite (€h). almost always decoupled from the rest of the cover rocks durin

thrusting and

acted as a thin veneer welded onvtﬂa of the thrust slices of Proterozoic basement. ?n the Topton

the Allentown Dolomite (O€a) are not subdivided on this map, the Lehigh

gle, the rocks of the Lehigh

E?headran

ey sequence are structurally overlain by the Schuylkill sequence.

Schuylkill sequence differs from the Lehigh Valley sequence in Pennsylvania by: 1) the absence of
the cement limestone facies of the Jacksonburg Limestone (Oj), 2) having a thick, continuous belt of
Ontelaunee Formation (Oo), 3) the presence of the Stonehenge Formation (Os), and 4) the presence
of mappable members in the Allentown Dolomite (O€a). Since the Jacksonbur%l_imestone (Oj) and

alley and Schuylkill

sequences are not separated on the correlation chart. The rocks of the Schuykill sequence are, in turn,
stru
of the Lebanon Valley sequence appear, at least in part, to be slightly deeper water, and perhaps farther
travelled, equivalents of the Lehigh Valley and Schuylkill sequences.

sedlments of both the Hamburg klippe and the Lehigh Val
_Perhaps with structural discontinuity, on rocks of the

THICKNESS IN FEET

€h

overlain by the rocks of the Lebanon Valley sequence in the Birdsboro quadrangle. The rocks

Martinsburg Formation

Pen Argyl Member (Upper Ordovician)—Dark-gra; h-black, thin- to thick-
bedded, evenly bedded slate, commonly more than gm (12 ft) l%ns d in places 6 m (20 ft)
thick; rhythmically intedayered with carbonaceous slate, sandy slate, and very fine to
medium-grained graywacke with parallel lamination, lenticular bedding, convolute
bedding, and sole marks. Units in fining-upward sequences (turbidite-flysch). Quarried
extensively for slate (“soft slate” of Pennsylvania quarrymen). Upper contact is
unconionrlable and site of a regional decollement. Lower contact is gradational and is
placed w Truacke is in excess of about 5 percent of local sequences and supplies
abundant float. Though present in eastem Pennsylvania, the Pen is overlapped by
the Shawangunk Formation (Sst, Ssl, SOswm) just west of the Delaware River and is
absent in northern New Jersey. Tlﬁcknessmnges from 1,000-2,100 m (3,280-6,900 )

Ramseyburg Member ( and Middle Ordovician)—Medium- to dark-gray slate that
alternates, in J:nart with light-to medium-gray, thin- to thick bedded
graywacke and graywacke siltstone (turbidites). Graywacke oompnse:eargout 20 percent
of member, but may make up more than 50 percent of some thick parts of the section,
and less than 5 percent in others. Slates are generally thick bedded at the top and thin
to medium bedded at the bottom of the member. Lower contact is placed at the base of
lowest conspicuous graywacke bed, generally recognized by abundant float, but contact
may be transitional through several hundred feet, where discontinuous and lenticular

ywacke beds are present in the underlying Bushkill Member (Omb). Thickness ranges
%mBSO—‘BSOm(Z 800-3,050 ft)

Bushkill Member (Middle Ordovician)—Medium- to dark-gray, laminated to thin-bedded
slate containing thin beds of quartzose slate, graywacke siltstone, and carbonaceous slate
in fining-upward sequences. Bed thickness does not exceed 15 cm (6 in) throughout
member, and is generally less than 5 cm (2 in), except for graywacke beds that bly
are less than 30 cm (12 in) thick in discontinuous units near the top of the member. Lower
contact transitional through 1 m (3 ft). Formerly quarried for slate (“hard slate” belt of
Pennsylvania quarrymen). Minimum thickness isabout 1,525 m (5,000 ft)
Jacksonburg Limestone (Middle Ordovician)}—The upper part, referred to as the
“cementrock’ facies, is a dark-gray to almost black, ﬂne-gramed thin-bedded, argillaceous
limestone. Contains beds of crystalline hmestone m ces. Upper contact gradational.
Lower contact gradational in eastern P main outcrop belt of northemn New
Jersey, but is unconformable and marked erate in the Paulins Kill lowlands
olNewJersey Tl-nclmra from 1 01080 ft). The lower unit, referred
to as the "cement limestone cies, is a light- to mechum-gray, medium- to coarse-grained,
largely well bedded calcarenite and fine- to medium-grained, high-calcium limestone. At
the western edge of the map, the lower contact is sharp but conformable, but becomes
unconformable approaching the Delaware River. Continuing northeastward through New
Jersey, the lower contact is marked by beds of dolomite pebble- to boulder-conglomerate
and the magnitude of this hiatus becomes greater with this unit ively resting on
older units in the Beekmantown Group. Thickness ranges from 20—130 m (65-430 ft)
Ontelaunee Formation of the Beekmantown Group (Middle and Lower Ordovician)—
Medium- to thick-bedded, medium-dark-gray, fine- to coarse-grained dolomite that is very
cherty at the base, grading into medium- to thick-bedded, me , fine- to medium-
ined dolomlte that contains beds of medium-grained calci]utlte at.g“ e top in some places.
ﬁt only spora resent east of Northampton, Penn., and absent in New
J except as cobbl;s in the overlying conglomerates of the g:ckson Limestone
(0j). Lower contactis gradational. Thickness ranges from 0—200 m (0650 ft)
Epler Formation of the Beekmantown Group (Lower Ordovician)—Very fine grained
to cryptogranular, light- to medium-gray limestone and fine- to medium-grained, light- to
dark-medium-gray dolomite. Upper part of unit is absent in much of New Jersey. er
contact::gdauona] Presentin places as cobbles in the overlying Jacksonburg Limestone

acon

é?hl ccEn merates where the Ontelaunee Formation (Qo) is absent. Thickness is about
m

Rickenbach Dolomite of the Beekmantown Group (Lower Ordovician)—Fine- to
coame—grajned, light-medium- to medium-dark-gray dololutite, dolarenite, and dolorudite.
part generally thin-bedded and laminated; lower fart characteristically thick-
:ldad Lower contact gradational. In some places in New , this unit is present as
cobbles in the merlyln%oonglomerates of the Jacksonburg Limestone (Oj) where both the
&Ontelaunee (Oo) and Epler (Oe) Formations are absent. Thickness is about 220 m (720

Stonehenge Limestone of the Beekmantown Group (Lower Ordovician}—Medium-
light- to medium-gray, fine-grained, thin-bedded limestone marked by silty or sandy
laminae with subordinate beds of orange- to buff-weathering, irregularly laminated and
mottled dolomite. The silty laminae are the residue left after extensive non-seam-sutured
pressure solution. Dolomitic beds, generally near the base of the unit, are sparse in the
western part of the map area, but increase in abundance eastward through Pennsylvania.
In Pennsylvama this unit is found in the Schu ‘Ylld]] sequence, but not in the Lehigh Valley
ﬁuence In New Jersey, it reappears, the amount of thin- to medium-bedded
mite may equal the amount of thin- bedded limestone. Throughout the map area, the
nce of chert is rare. In some areas, particularly just east and west of the Delaware
er, the formation has not been recognjzed. In the same region, the Rickenbach Dolomite
{Or) increases in thickness, and it is possible that dolomite of Stonehenge age occurs there.
If so, it is difficult, if not impossible, to distinquish from the Rickenbach without the presence
of fossils. Therefore, for the of this map, the Stonehenge is considered to be
?}issing from the central portion of the map area. Thickness ranges from 0-100 m (0-320
Allentown Dolomite (Lower Ordovician and Upper Cambrian)—Very fine to medium-
%ained, light- to medium-dark-gray, alternating light- and dark-gray - weathering,
mically bedded dolomite; contains abundant flat-pebble conglomerate, calcilutite,
enite, oolitic calcarenite, calcirudite, algal stromatolite, dolomicrite, and scattered
beds and lenses of orthoquartzite. L ower contact is gradational. The Ordovician-Cambrian
bfgragaf? is within this unit, very close to the upper contact. Thickness is about 575 m
Leithsville Formation (Middle and Lower Cambrian)—Interbedded, light-medium-gray,
fine- to coarse-grained dolomite and calcitic dolomite, hghtm tan phyllite, and very
thin beds and stringers of quartz and dolomitic sandstone contact is gradational
where present, but is commonly marked by numerous thrust faults making thickness
estimates difficult. However, where the lower contact is gradational, the unit is
approximately 330 m (1,000 ft) thick
Hardyston Quartzite (Lower Cambrian)—Fine- to medium-grained, white to dark-gray,
light-buff-and reddish-gray-weathering, fine- to medium-grained, thin- to medium-bedded,
oommon? massive, but in some places thinly laminated and crossbedded, Scolithus-
bearlng, eldspathtc quartzite interbedded with arkose, quartz-pebble conglomelate and
silty shale or phyllite. Lower part commonly consists of quartz-pebble conmeraie with
a matrix of coarse, feldspathic sandstone and minor dark-gray a er contact
unconfonnable and abrupt. Thickness from 0 to 30 m (100 ft) in New
‘J;e ersey, but thickens both southwestward toward the Schuylkill River to 2040 m (70-125
ft) and southward to the Buckingham Valley where it reaches 270 m (900 ft)

SPITZENBERG AND SHARPS MOUNTAIN OUTLIERS

These two small erosional remnants in the Great Uailely north of Hamburg, Penn. contain reworked

ﬁ; sequence. These rocks rest unconformably,
mburg klippe and unconformably beneath

uscarora Sandstone (SOt), Although difficult to prove, these rocks may have been deposited after
1he rocks of the Hamburg klippe were folded during the Taconic orogeny and may represent the youngest
Ordovician clastics in the area.

Osc

Sandstones and conglomerates of Spitzenberg and Sharps Mountain (Late
Ordovician)—At Spitzenberg, the unit consists of medium- to coarse-grained, medium-
to thick-bedded, poorly to well-sorted, crossbedded, red- and green- weathering,
conglomeratic sandstone, interbedded with a thick-bedded, polymict conglomerate. The
clasts include green chert, milky-white calcilutite and laminated to cross-laminated
calcisiltite, red and maroon shale, brown sandstone and siltstone, and clasts of the same
red sandstone that is interbedded with the conglomerate. Conodont biostratigraphy shows
that the clasts are youngest at the bottom of the unit and oldest at the top. At Sharps
Mountain, the sandg)cn'le is common, although it weathers differently (to a greentsh-whrte}
and the conglomerate is absent. These rocks are unconformable on, and possibly in thrust
contact with, the underlying rocks of the Hamburg klippe. The under]ying klippe rocks
are a partial source for this unit both at Sharps Mountain and Spitzenberg. At Sharps
Mountain, the unit is unconformably overlain by the Tuscarora Sandstone (SOt). Thrusting
may be localized at this contact. Thicknessis 60 m (200 ft)

ROCKS OF THE SHOCHARY RIDGE AREA

This group of Ordovician clastic rocks crops out over a fairly small area in the Great Valley of eastern

Pennsylvania. It is entir

south, respectively, are probab

Ont

Shochary Sandstone (Upper and Middle Ordovician)—Medium-dark-gray, thin- to
thick-beddedl:5—75 cm, 2-30in) calcareous, pyrite-rich, graywacke turbidites interbedded
with medium-dark-gray, light-olive- brown—weaﬂ'nenng slate, calcisiltite, and minor thin
beds of conglomerate. l'l'he amount of graywacke ranges from 10 to 20 percent with rare
instances of 50 percent, particularly near the top of the exposed section, and beds become
thick-bedded with rare parallel laminations. Graywacke beds contain abundant faunal
debris. Sedimentary structures in some turbidites obliterated in places by bioturbation.
Rusty-weathering channels filled with coarse-grained sandstone, abundant shelly fauna,
and pyrite are common in light-olive-brown-weathering graywackes Graywacke beds also
contain rare clasts of rounded chert. Approximately 1,520 m (5,000 ft} thick. Upper part
of unit not present due to faulting and erosion. nit is structurally and unconformably
overlain by the Tuscarora Sandstone (SOt). Lower contact transitional over 15 m (50 ft)
with underlying New Tripoli Formation (Ont) and is placed where sandstones commonly
make up less than 10 percent and beds are less than 5-10 cm (2—4 in) thick

New Tripoli Formation (Middle Ordovician}—Medium-dark-gray, light-olive-brown-
weathering, thin, evenly bedded, calcareous graywacke interbedded with fairly thick slate
and calcisiltite beds (as much as 50 cm, or 20 in thick). The calcisiltite beds are most
commonly 2-5 ¢cm (1-2 in) thick and are more resistant to weathering, giving the rock a
ribbed appearance. This characteristic contrasts markedly with the ribbon slate of the
Bushkill R?:mber (Omb) of the Martinsburg Formation, which weathers more evenly.
Shelly fossil debris is common, especially near the upper contact of the unit, but not
abundant. The contact between the Bushkill (Omb) and this unit is not a gradual faci
change in this area, but is a thrust fault representing significant structural telescoping. Lower
contact not exposed because of lau]ﬁng of both Taconic and Alleghanian age. Approximate
minimum thicknessis 1,500 m (4,900

fault bounded, and sits structurally on top of all three members of the
Martinsburg Formation (Omp, Omr, Omb), and lies structurally beneath the Windsor Township
Formation (Owd, Ows, Oww, Owc, Owr) of the Hamburg kli
Ridge outcrop belt coincides almost exactly with the eastern en
the rocks of Shochary Ridge are derived from the Windsor Township Formation (Greenwich slice) of the
Hamburg klippe and were transported in Taconic time as a thrust sheet beneath the two major slices of
the klippe. The Eckville and Kistler Valley faults, bounding the Shochar%
Alleghanian in age. The rocks of the Shochary Ridge area formed as
a local, northward-prograding deltaic fan. The source of these clastics was the advancing accretionary
pﬂsm of the Greenwich slice of the Hamburg klippe. These rocks are roughly the same age as the
deeper water clastics of the Martinsburg Formation (Omp, Omr, Omb), which were deposit
lmgﬁudlnal (deminantly northeast or southwest) currents within a very long nartheast-trending basin.

. The eastern end of the Shochary
of the Hamburg klippe. It is likely that

Ridge area on the north and

tly
by

FIGURE 3—Schematic chart showing geclogic relations of rocks
within the Reading Prong.

By

LEBANON VALLEY SEQUENCE

This group of rocks is exposed in a small area at the west edge of the map in Pennsylvania. This
sequence has affinities with rocks in the Conestoga Valley of the Piedmont Province, but is distinct from
the Lehigh egesequenoe present throughout the Great Vi , in that it is missing the unconformity
at the base of Jacksonburg Limestone (0j). In addition, e carbonates of the Lebanon Uallaﬁ
sequence are generally a slightly ueﬁ)erwateriacnesofthe same units in the Lehigh Valley and Schuylki

sequences, and perhaps have travelled a greater distance along northward- or northwestward-moving
thrus( faults. Therocksnfmel.ebanon\lalleysequencereststmcw:‘a]! on top of the rocks of the
Schuylkill sequence. Only the units not exposed in the Lehigh Valley and Schuylkill sequences are
separately described below. See correlation chart for relations between the three sequences.

Annville Limestone (Middle Ordovician)—Medium-gray, light-gray-weathering, high-
calcium limestone with thick beds exhibitin ding. The u contact is
commonly marked by thrust faults and the lower contact is apparently gradational.
ﬂﬂcknessrangesfromGtoMmtOtollOﬂl

Beekmantown Gro (Middle and Lower Ordovician)—Due to the poor
exposure of these rocl “l;andthepresentlackoflosstldata no attempt has been made to

__ map individual formations
| Richland Formation of the Conococheague Grma Upper Cambnan}—Mediurn-gm(i;
thick-bedded dolomite and limestone. Limestone beds commonly have silty and y
laminae. Beds mmmorg contain nodules and stringers of brownish-gray chert and oolitic
and cryptozoon layers. dolomitic sandstone beds are also present. Lower contact
is gradational. Unihs only partly exposed and minimum tlncknls530m (1,7001t)
Millbach Formation of the Conococ Group (Upper Cam )—légm
thick-bedded limestone and lesser dolomite. Thickness is approximately 100 m (

Buffalo Springs Formation of the Co Group (Upper Cambrian)—Fine-
- grained, light-blue-gray, thickly and m limestone grading downward into
a fine- to medium-grained, light-gray, yellowish- to light-olive-gray-weathering dolomite
interbedded with fine- to medium-grained, dirty-white to pinkish-gray to medium-gray
limestone, and thin, light-olive-gray-weathering, sandy or silty limestones. In the unit as
a whole, limestone is more common dolomite. The dolomites commonly are
algalamlmtes with occasional cryptozoon structures. Lower contact is gradational with the
underlying Zooks Corner meatlan (€zc). North of the Newark- g:l'twburg basin, a
partial section is less than 300 m {1]000 ft) thick; south of the basin in the northern

Piedmont it may reach 400 m (1,300 ft
- Zooks Corner Formation (Mlddle(?]Cambrlan)—Veryﬁnegmned medium-gray, thin-

to thick-bedded, silty to sandy dolomite with common shaly partings in with less

common ripple-laminated, grayish-blue limestone and medium- bedded, crossbedded
sandstone. linwer beds overlie and interfinger with the Ledger Dolomite (€lg).
North of the Newark-Gettysbu:ae n, a partial section has a thickness of probably less
tl'l%ﬁf(t) m (360 ft). South of basin, in the northern Piedmont, the thickness is 150
mi )

Includesrocks of €bs, €zc, €lg, and €k

HAMBURG KLIPPE

This structurally and stratigraphically complex p of far-travelled rocks is located in the Pennsylvania
Great Valley and resembles the Taconic allochthon of New York State. The klippe is divided into two
tectonic slices: 1) the Greenwich slice, an accretionary of sediments displaying clea that
composes the Windsor Township Fonnatlon and 2) the Richmond slice, a sequence of rise slope
deposits that compases the Virginville Formation. Although emplaced by thrust faults during the Taconic
orogeny, these faults have been obscured by later anian folds and faults. Although the klippe was

thrust on the rocks of the Lehigh Valley and Sch sequences in Taconic time, some rocks of the
l_eh!gh Valley and Schuylkill V: sequences were later thrust on top of the rocks of the Hamburg klippe
during Alleghanian time.

Windsor Township Formation (Middle and Lower Ordovician)
Dreibelbis Member—Medium- to very thick bedded, partly graded, fine- to coarse-grained,
locally conglomeratic, somewhat calcareous graywacke sandstone interbedded with dark-
%'eenlsh to light-olive-gray, fissile to pooilq;a cleaved mudstone, siltstone, and shale.
haracterized by the predominance of partial Bouma (1962) sequences Ta and Tae, with
lesser Tb—e, Tc—e, and Td—e sequences. The Dreibelbis has probably been incised into
the WeisenbergMember (Oww). Minimum thickness about 1,200 m (3,937 ft)
Switzer Creek Member—Medium- to thick-bedded, massive, medium-to coarse-grained
to conglom haﬂaywacke interbedded with lesser amounts of dark-greenish-gray
mudstone and sl Graywacke is rich in carbonate grains and pebbles, which weather
to very ive, rotten and porous, limonite-stained rocks. Partial Bouma (1962)
sequences Ta and "Tae predominate. The Switzer Creek has frobab been incised into
the Weisenberg Member (Oww). Minimum thickness about 914 m (3
- Weisenberg Member—Light-clive-gray to grayish-olive, fissile to poorly cleaved shale and
mudstone to micaceous siltstone with minor amounts of medium-dark- to dark-greenish-
gray, silicified shale, mudstone, and argillite. In some places, thin-bedded siltstone and
gra ke sandstone, and debris flows of chert and silicified mudstone are interbedded
e shale and mudstone. Soft-sediment slump folds are common. Local channels
oontam a very distinctive conglomerate with chalky-white- weatheﬁl? feldsga: grains and
rare volcanic rock fragments. This conglomerate is best exposed 0.3 km (0.2 mi) east of
W( w(%t?mer in the Slatedale 7.5-minute quadrangle. Minimum thickness about 1,737
Polymict conglomerate—Light-green to medium-dark-gray and dark-greenish-gray pelitic
matrix containing clasts ranging in size from less than a cm to at least 3 m (10 l'l] Clast
lithologies include _?laywacke carbonate, silistone, shale, and chert. All clasts are derived

from the Windsor Township Formation
- Red beds—Dusky-red, grayish-yellow to light-green, locally silicified mudstone and
argillite, interbedded with very thln to thick-bedded siltstone, sandstone, black calcilutite

to calcarenite, and chert. Carbonate is found locally as clasts and megaclasts within a matrix
of varicolored shale and argillite. This unit is found within the Dreibelbis (Owd),
S% greek (Ows), and Weisenberg (Oww) Members. um thickness about 210
m

Virginville Formation (Middle Ordovician to Upper Cambrian)

_ Moselem Member (Middle Ordovican)-—Grayjsh-black to brown, thin-to thick bedded

mudstone and shale interbedded with dark- to dark-greenish-gray, silicified argillite; minor
light-gray to black, thin-bedded, ribbon limestone; black shale; and orange-yellow-
weathering dolostone. Minor amounts of thin- to medium—bedded, carbonate-clast
conglomerate. This unit is the youngest member of the Virginville, but structurally underlies
the Onyx Cave (€vo) and gacony {€vs) Members, although the only exposed fault
contact is with the Onyx Cave. About 230 m (750 ft) thick

- Onyx Cave Member (Upper Cambrian)—Grayish-black to medium-light-gray, thin- to
thick-bedded calcarenite, peloidal limestone, quartzose limestone, calcareous
quartzite; very thick bedded, structureless carbonate-clast conglomerate, thinly
interbedded with black lime, mudstone, and shale to argillaceous ribbon limestone, thinly
laminated black shale and dark-yellowish-brown-weathering dolostone. Lower contact
conformable with the underlying Sacony Member (€vs), except where this unit has been
thrust over the Moselerm Member (Ovm). About 90 m (300 ft) thick
Sacony Member (Upper Cambrian)—Grayish-olive- to pale-blue-green, h-

- illl k-bedded, structureless, nucaceog‘ss siltstone ar?gl sandst_g\e n‘ﬂ:erbed"dedy]s
graylsh- to pa]e-bluegreen micaceous shale and mudstone. Minor amounts of light-gray
to light-green, silicified shale and black mudstone. Lower contact is not exposed. Minimum
thickness about 245 m (800 ft)

JUTLAND KLIPPE

These rocks resemble some of the rocks found within the Greenwich slice of the Hamburg klippe in
Pennsylvania. Unlike the Taconic allochthon and Hamburg klippe, which occur on the foreland side of
the external massifs of the Berkshires and Reading Prong, the rocks of the Jutland klippe occur on the
hinterland side of the Reading Prong.

Otja | Jutland k]ipre lower unit A (Ordovician)—Interbedded red and green shale; silty
sandstone; silty shale; pmk hematite-stained shale; sandstone; and micritic limestone.
Upper contact is placed where sandstone, siltstone, and sparryand micritic carbonate rocks
(found throughout the Jutland klippe, but more rarely in this lower unit) become much
mt{)rsestg)f;trllmon Lower contact absent due to faulting. Minimum thickness estimated at 110
m
Jutland klippe upper unlt B (Ordovician)}—Gray, manganese-bearing shale is abundant
¢ and restricted to this uj unit. Also present are interbedded red and green shale,
interbedded dolomite an green shale, limestone conglomerate, interlaminated limestone
and shale, interbedded ﬁne-gramed mndstone siltstone and shale, and yellow, red, green,
and gray shales interbedded with chert. Sands‘(one, siltstone, and sparry and micritic
carbonate rocks occur throughout the klippe, but are much more abundant in this unit.
Although graptolites are found in both units, conodonts are found only in this unit. The
Peapack klippe is made up entirely of rocks of this unit. Upper contact not present.
Minimum thickness estimated at 90 m (300 ft)

FURLONG KLIPPE OF THE BUCKINGHAM VALLEY OUTLIER
A small area of Taconic-like rocks is found in the Buckingham V Paleozoic-Proterozoic outlier in
the middle of the Newark basin. Like the Jutland klippe, these far-travelled rocks occur on the hinterland
side of the Reading Prong external massif. The presence of the Buckingham Valley outlier may be due,
in part, to pull-apart tectonics that formed local highs or “horsts” !hmuq_h compression during the
formation of this part of the Newark basin and, in l]:la.rt, to earlier folding of Taconic thrust sheets of the
Piedmont that put these rocks at the crest of an anticline

- Undivided Taconic-like rocks of the Furlong klippe (Cambrian (?))—Fissile to slaty,

black, blue, purplish and gray phyllite. Minimum thickness is approximately 60 m (200 ft).
No contacts with any surrounding units are ex However, since these rocks resemble
Taconic allochthon rocks, it is very possible that have been thrust over the nearby
Lehigh Valley-like Paleozoic rocks of the Buckingham Valley outlier, much as the Hamburg
klippe was thrust over the Lehigh Valley sequence to the northwest

PROTEROZOIC ROCKS OF THE READING PRONG

All of the rocks of the Reading Prong are allochthonous and represent an imbricate stack of thrust sheets
that have been thrust over the %aleozouc rocks of the Great Valley. These thrusting events probably took
place both during Taconic and Alleghanian times and per|
of the movement probably occurred late in the Paleozoic.

one l;Hh de Proterozoic metamorphism and two low-grade Paleozoic metamorphisms.

y include the lar sequences of the Losee Metamorphic Suite and of the interlayered
calcareous and quartzofeldspathic gneisses. They also include intrusive rocks of the Byram Intrusive Suite
and pyroxene granites with m’ﬂte&? quartz-poor rocks. There is no stratigraphic order for the units given
below. For relations among these rocks, see figure 3.

Chestnut Hill Formation (Late Proterozoic (?))—Interbedded sequence of arkose,
ferruginous quartzite, quartz-pebble conglomerate, sericite-talc-chlorite schist, and
metarhyolite. %)CCI.IIS only locally in several areas near the Delaware River
- Pyroxene granite and related quariz-poor rocks (Middle Proterozoic)—A very
het, eous group of rocks consisting of Xene granites ranging in composition from
granodiorite to alkali-feldspar granite, and other quartz-poor rocks ranging in composition
from monzodiorite to quar!z—alkali—feldspar syenite and alkali-feldspar syenite. Fairly
abundant northwest of the Green Pond syncline in New Jersey. Many of these rocks
contain what appears to be a primary flow foliation. These rocks differ from the Byram
Intrusive Suite by having mesoperthite (largely antiperthitic) as the primary fe r, a
higher iron-to-magnesium ratio, and more calcium. Genetic relations with the Byram
Intrusive Suite are unknown

Byram Intrusive Suite

- Alaskite, microperthitic and microantiperthitic (Middle Proterozoic)—The
microperthitic alaskite comprises light-pink to ligh

-gray, medium- to coarse-grained,
foliated alaskite and gneissoid alaskite composed la:gely of microperthite, quartz, and
oligoclase. Contains bodies of amphibolite, humb]ende gramte and potassic-feldspar
gneiss that are too to map. The m[cmannpe ite alaskite differs from the

microperthite alaskite in that the pﬁnclpal feldspar is microantiperthite. This unit weathers
chalk white
- Hornblende granite and associated biotite granite (Middle Proterozoic)—Pink to light-

as a continuum in , however, most
e Proterozoic rocks have undergone at least
rocks

gray, medium- to coarse-grained, gneissoid granite, foliated granite, and sparse granite
gneiss composed princi of mlcroper[hlte quartz, oligoclase, homblende and (or)
biotite. In granite gneiss phases, microperthite has typically re Rock contains

Y
free microcline and oligoclase. Includes bodies of alaskite, amphibolite, and potassic-
feldspar gneiss that are too small to map

Metasedimentary Layered Sequence

- Marble (Middle Proterozoic}—Fine- to medium-grained, white to grayish-white calcite
marble and medium-gray, greenish-gray-weathering dolomite marble. Much of the
dolomite marble largely altered to serpentine, tremolite, and talc. Probably found at many

different stratigraphic levels and not confined to one age
- Biotite-quartz-plagioclase gneiss (Middle Proterozoic)—Light- to medium-dark-gray to
pale-yellowish-brown, fine- to medium-grained, well-layered gneiss of variable
composition but alwa containing conspicuous biotite. Some phases contain garnet and
(or) magnetite. Unit diffea‘s from oligoclase quartz gneiss (Y10) in its heterogeneity and well-
defined layering, and from potassic feldspar gneiss (Ymk] in that most of the feldspar is
plagioclase. Also included in this unit are ﬁ" - to light-greenish- to pin ish-gray, medium-
grained, well-foliated, sirongly migmatitic gneisses containing quartz, microcline-
microperthite monoclinic potassic fel r, sericitized oligoclase, and sillimanite
- Potassic feldspar gneiss (Middle Proterozoic)—Grayish- -pink, pinkish-gray, light-gray or
light-greenish-gray, fine- to medium-grained gneiss and minor granofels that have poor to
fair foliation and are composed large_?adl quartz, potassic feldspar and minor amounts of
biotite and (or) magnetite and, more rarely, garnet and sillimanite. Unit contains local
interlayers of biotite-quartz-plagioclase Eneiss (Ymb) and feldspathic quartzite. In places,
unit has been partly mobilized to form s and irreqular bodies of alkali-feldspar granite

or quartz-rich granitoi

- Pyroxene gneiss (Middle Proterozoic)—Greenish-gray to light-grayish-green, medium-
grained, well-layered to nearly massive, granoblastic gneiss composed principally of
diopsidic pyroxene and plagioclase and lesser quantities of homnblende, quartz, biotite, and
magnetite. At some places unit contains relict patches of marble

' Losee Metamorphic Suite
| Oligoclase-quartz gneiss (Middle Proterozoic)—Light-greenish-gray to grayish-green,
4 medium-fine- to medium-coarse-grained, poorly foliated, granoblastic gneiss and minor
granofels. Composed principally of oligoclase and quartz. Minor amounts of biotite,
magnetite, and shredded and chloritized augite. Unit contains sparse to moderate
amounts of interlayered amphibolite
i i sgposch s posed ncfp)ﬁlyofallgzétgugodas?jﬂ ircidy o i
1 to dull-white, gneissoi ite com pri quartz, and minor
amounts of sodic homl%ende or more rarely augite or magnetite. Rock is thought to be
an anatectic phase of ohgoclase-quarlzgnelss {Ylo)
Albite pegmatite (Middle Proterozoic)—Light-greenish-gray, or more rarely moderate-
orange-pink, coarse lg&wened rock composed principally ol albite, quartz and lesser
amounts of micrope contains masses and large crystals of sodic homblende
and, more rarely, pyroxene and magneiite. Some phases are syenitic. Rock is thought to
be a coarse-grained phase of the albite-oligoclase granite (Yla)

Hexenkopf Complex

Hornblende-augite-quartz-andesine gneiss (Middle Proterozoic)—A stmn%lz

citized, chloritized, and silicified gneiss containing homblende, augite, quartz, a

and lesser amounts of epidote, biotite, sphene, garnet, apatite, magnetite, pyrite, chlorlte

and zircon. In many placesitis sh'ongly veined by albite pegmatite (Yip) and

alaskite (Yba). Rock is probably a metamorphosed gabbro or diorite. Composes t 60

percent of complex

Epidote-augite-hornblende-plagioclase gneiss (Middle Proterozoic)—Grayish-olive,

dense, massive, well-foliated gneiss containing sparse amounts of biotite, sphene, and

m e, andwidelyua:ylngamoumsofqumtz Rockappearstobeametamorphosed

and altered pyroxenite. Composes 25 percent of complex

Quartz-garnet-augite granofels (Middle Proterozoic)—Medium-fine- to medium-

grained, equigranular, highly siliceous granofels containing t}) rtz, gamet, augite, and

minor saussuritized plagioclase and chlorite. Composes about 15 percent of complex
Rocks of Uncertain Origin and Relative Age

Amphibolite (Middle Proterozoic)—Light- to dark-gray to nearly black, fine- to medium-
grained rock composed principally of hornblende and andesine. Some phases contain
augite and, more rarely, hypersthene or biotite. Much of rock is probably metavolcanic and
some may be m mentary
Amphibolitic e and related hybrid rocks (Middle Proterozoic)}—Mixed rock
composed of i ar knots, lenses, veins, and layers of mi ite alaskite (Yba) in
amphibolite (Ya). In some areas, this rock is a mixture of albite-oligoclase granite (Yla) and
amphibolite. Both types of mixed rock are intruded by veined gneiss and permeation
gl";edlﬁ. In the Trenton Prong, that narrow belt of Proterozoic rocks of the northem
ont that is found north of the Huntingdon Valley fault, hybrid rocks are, in some
hibolite and a light-colored felsic gneiss, and, in other places are
y to a felsic gneiss of intermediate composition. In some places,
phite, contains lenses of marble, and may represent a partially

ces, lnterlayer
OTTY
the unlt ls very rich in

migmatized Pickering Gneiss (Ypgn). Although this unit is ‘found both in the Reading and
Trenton Prongs, it is that the protolith has a larger proportion of igneous rocks in the
Reading Prongand of entary rocks in the Trenton g

- Quartz diorite (Middle Proterozoic)—Light- to dark-gray, medium- to coarse-grained
rock composed principally of andesine or oligoclase, quartz, and hypersthene. Some
phases contain augite and (or) biotite. Unit has a charnockitic affinity and is thought to be
partly mobilized, amphibolite-rich phase of -quartz gneiss (Ylo). Unit contains

sma]l bod1es of albrte—ol)igodase granite (Yla) and amphibolite

THEPIEDMONT PROVINCE

The Piedmont is divided into northemn and southern parts (see fig. 4). The boundary between the two
is the Huntingdon Valley fault south of the Trenton and its unnamed continuation to the west that
marks the southern boundary of the Octoraro Phyllite (€Z0). The Proterozoic rocks of the Piedmont are
distinctly different in these two regions, suggesting that this fault may represent an important suture. The
two terranes were probably joined before the late Proterozoic or earliest Paleozoic, because the Peters
Creek Schist (€Zpc) occurs on both sides of the extension of this fault in Maxyland In addition,
metadiabase dikes of possible Late Proterozoic to early Paleozoic age intrude both regions. Both the
northem and southern Piedmont are structurally complex, and are characterized by folded and
imbricately stacked thrust sheets and duplexes of probable Taconic age. Figure 4 shows stratigraphic and
structural relations of Piedmont rocks.

md | Metadiabase dikes—Fine-grained and more commonly porphyitic, dark-charcoal-gray,
B: slightly metamorphosed diabase containing augite, plagioclase, and minor homblende,

zoisite, and biotite. Intruded after high grade Proterozoic Y metamorphisms, and before
lower grade Paleozoic (Taconic) metamorphism. Found to intrude many different Middle
Proterozoic gneisses throughout the Piedmont and may intrude both the Peters Creek
Schist (€Zpc) and Octoraro Phyllite (€Z0). It is possible that these dikes are roughly the
same age as the Catoctin Formation of the central and southern Appalachians

Paleozoic and Late Proterozoic Cover Rocks of the Northern Piedmont

Many of the Paleozoic cover rocks of the northern Piedmont show distinctive differences in litho
and thickness going from Welsh Mountain and the Barren Hills in the north to the Chester Valley in
south. These differences are discussed below.

Conestoga Limestone (Lower Ordovician to Middle Cambrian)—Upper part consists
- of medium- to bluish-gray, light-gray-weathering, fine- to medium-grained, thm -bedded
(2-10 em, 1-4 in), highly micaceous limestone with argillaceous, shaly partings parallel
to regional cleavage that give the unit a finely laminated appearance. Near the base of the
upper part, beds increase in thickness to 25 cm (10 in), and the unit bemmﬁaeahﬂ
coarser grained. The upper part of the unit hasamaxm’!um thickness of 110 m (. l’
but may be partially repeated by faulting. In addition, the upper contact is marked by
thrust fault bringing the Octoraro Phyllite (€Z0) over the Conestoga, perhaps lnmcatmg
part of this unit. Tl?le lower part consists of very light gray to white, medium- to coarse-
ined, medium- to thick-bedded dolomite interbedded with dark-gray to bluish-black,
im -bedded, medium-grained limestone and dark-gray, ﬁne%amed thin-bedded
dolomite. The lower teJ:arthasamamnumthlclmesoflODm[m but, like the upper
part may be repeated by numerous faults that are difficult to detect. The contact between
the upper and lower paris is the locus of significant thrust faulting, which in some areas
inserts thin slivers of Octoraro Phyllite (€Z0) within the Coneslo& The lower contact is
thought to be an unconformity with the Conest g the Elbrook Formation (€e)
within the area of this map. However, to the southwest of the mapped area the Conestoga
overlies older Cambrian units (specifically, the Ledger Dolomite (€lg), the Kinzers
Formation (€k), and the Antietam Quartzite and Harpers Phyllite (€ah). This supposed
unconformity may also be the locus of thrusting
Elbrook Formation (Upper and Middle Cambrian)—Light-blue, fine-grained, thin-
bedded limestone which weathers to a shaly, light-yellowish-brown or buff limestone
interbedded with cream-colored to pure-white, fine-grained, thin-bedded, laminated
dolomitic marble. In the Chester Valley, white marble beds predominate and are thicker
here than to the north and west. Concentrations of mica are left as a pressure-solution
residue parallel to regional cleavage. In the Chester Valley, the mica is coarser grained and
suggests that the rocks in the southemn part of the northern Piedmont are at slightly higher
metamorphic grade than the rocks farther north. The lower contact is gradational with the
underlying Ledgers Dolomite (€lg); locally, a resistant sandy limestone and chert-rich
sandstone at the makes a good marker horizon. The thickness north of Welsh
Mountain is appmrdmate}y 305 m (1,000 ft), whereas the unit thins to approximately 240
m (800 ft) in the Chester Valley
Ledger Dolomite (Middle Cambrian)—Coarse-grained, white to light- to medium-dark-
gray, massive, thick-bedded, finely laminated, pure high-magnesian dolomite with some
siliceous beds which weather to rust-stained, ular, cherty layers. In the Chester Valley,
the dolomite is interbedded with laminate hmestone weathers to a rough granular
surface, and is finely speckled in places. The lower part of the unit is characterized by
alternating light and dark layering and , cherty layers. When the unit is highly
weathered, it produces a characteristic i ellow earthy soil. Upper contact tional
with the Elbrook Formation (€e) except where overlain by the Conest imestone
(O€c). Lower contact is gradational with the Kinzers Formation (€k) in the Chester Valley,
and with the Vintage Dolomite (€v) north of the Honey Brook uplands. Thickness is
approximately 300 m (1,000 ft)
Kinzers Formation (Middle and Lower Cambrian)—The upper part consists of fine- to

medium-grained, white to light- to medium- to bluish-gray, thin- and irre bedded
argillaceous limestone, nodular limestone, and marble lenses surrounded by argillaceous
residue left behind during pressure solution. Marble in some places is led (“leopard

rock™). Lower part consists of medium-grained, white to light-gray, thin-bedded, impure
dolomite that weathers to a buff-yellowish-brown and contains fragments of trilobites. In
the Chester Valley, this part is represented by impure limestone that weathers to a

mica schist. The lower contact is gradational with the Vintage Dolomite (€v). The thickness
north and west of the Barren Hills is 40 m (130 ft) and the thickness is less than 9 m (30
ft) in the Chester Valley

Vintage Dolomite (Lower Cambrian)—Upper part is fine- to medium-grained, mottled-
blue Iimestone grading downward into medium-grained, dark-blue, knotty dolomite with
blebs of ooarse-gramed dolomite, grading downward into medium-grained, gray, thick-
bedded, glistening dolomite. The lowerpartisﬁne-gnahaed cream-white, thin- to medium-
bedded, argillaceous to sandy dolomite with mica abundant on beddmg planes. Thisis in
grachtional contact over 3 m (10 ft) with the underlying ferru%nous and calcareous
sandstone beds at the top of the underlying Antietam ah). In the north, the
thickness of the entire unit is approximately 180 m (600 ft), and in the Chester Valley, the
unit is probably less than 60 m (200 ft). Reliable estimates of thickness for this lowest
Paleozoic carbonate are difficult to make due to poor exposure

Elbrook Formation, Ledger Dolomite, Kinzers Formation, and Vintage Dolomite,
|éndivided (Cambrian hown in cross section only. Includes units €e, €Ig, €k, and

v

Antietam Quartzite and rs Phyllite, undivided (Lower Cambrian)—The Antietam
is a fine-grained, light-gray, slabby, rusty, laminated quartzite which weathers to a dark-
brown manganese-stained soil. Contains Obellella in the rusty layers. It is in tional
contact with the underlying Harpers which is a fine- to medium-grained, greenish- to dark-
gray, sandy, argillaceous phyllite. Bedding in the Harpers is almost always impossible to
identify due to pervasive cleavage. In areas where it is ﬁmm& to map both units the
thickness of the Antietamn ranges from 140 m (450 ft) in the north to less than 60 m (200
ft) in the south. In the Chester Va
and the unit is absent in the west.
toless than 150 m (500 ft) in the south

Chickies Quartzite (Lower Cambrian)—Upper part consists of medium-grained, gray,
massive, crossbedded, medium-bedded, finely laminated, vitreous quartzite with clear
quartz grains and ﬁneg‘amed variously colored, thin- bedded, sericitic quartz schist. Lower
part (commonly referred to as the Hellamm Member) consists of a coarse-grained, gra

tourmaline-bearing quartzite, arkosic-pebble conglomerate, and interbeds of black slate
and biotite schist. This unit rests unconformably and abruptly upon a wide variety of
Proterozoic gneisses. The thickness ranges from 400 m (1,300 ft) in the north to less than
130 m (430 ft) in the south. In the Chester Valley the unit is considerably more schistose

Octoraro th!i'!’lelte (Camdarkbrlnn h:end Late Prﬂc:teﬁmmﬁyl)-—l:lj me-dtoh;n“ed.lum-lgramed,
greenish- to silvery-gray, -oli een-weathering phyllite an onite. In some
places, abundant white-weathering a?rblie and magnetite grains reacﬁ 1 cm (0.25in) in
diameter. Porph of albite, magnetite, gamnet, tourmaline, rutile, and ilmenite are
found in a fine-grained chlorite-muscovite-ribbon quartz matrix. Along the northern edge
of the outcrop belt where the Octoraro is thrust over the Conestoga (O€c) itis finer grained,
contains ilmenite as the dominant oxide mineral (commonly sandwiched between large
chlorites), and some very fine grained albite. To the south the albite crystals become larger,
the dominant oxide mineral is magnetite, and the muscovite and chlorite become coarser
grained. This suggests that the unit may have un ne a low to medium grade
metamorphism, been phyllonitized, and then metamorphosed again at a lower LA
similar history has been suggested for equivalent rocks along strike to the sou west in
Maryland. The upper and lower contacts of this unit are marked by major thrust faults. To
the north, the Octoraro is thrust over and into the along numerous splays of
the Martic thrust fault. On the south side an important fault that marks the boundary
between the northern and southern Piedmont brings a number of units structurally on t

of the Octoraro. These include the Peach Bottom Slate (which crops out as a small fai
sliver along the east branch of Octoraro Creek approximately 10 km (6 mi) south of the
southwest corner of the Newark 1° x 2° quadrangle), the Peters Creek Schist (€Zpc), the
Wissahickon Formation (€Zw), and Proterozoic gneisses. Additio , there are
numerous faults within the unit that make an estimate of thickness impossible. This unit
resembles the Everett Formation in the high-Taconic slices of the Berkshires of New

England
Middle Proterozoic Basement Rocks of the Northern Piedmont

aly exposed rocks have undergone at least oneProterozoic metamorphism of amphibolite to
granulite grade, and a Paleozoic metamorphism of chlorite grade. Metamorphosed igneous rocks are
represented by anorthosites and charnockitic gneisses. ﬁdtamorphose? sedimentary rocks are
represented by graphite- beann? eisses, marbles, and gerhaps some amphibolites. The long narrow
belt of gneisses that lie north of the Hunnngdon Ualley It and extend as far east as Trenton, N, J.,
is referred to here as the Trenton Prong. The Proterozoic rocks of the northern Piedmont have a close
affinity to some the rocks of the Reading Prong and the Adirondack massifs.

- Pickering Gneiss (Middle Proterozoic}—Medium- to very coarse grained, highly variable
gneiss consisting of interlavered quartz-feldspar gneiss, quartz-schist, mica schist,
hornblende schist, and calcareous schist and is characterized by the presence of abundant
graphite, calc-silicates, and pods of marble. Common accessory minerals are microcline,
microperthite, orthopyroxene, calcite, magnetite, pyrite, pyrrhotite, allanite, titanite, zircon,
scapolite, diopside, and garnet. Rock is commonly deeply weathered and dJsaggregaled
Pyrrhotite and pyrite react to form limonite which occurs in such abundance that in places
it has been mined. Intruded by numerous pegmatite dikes ranging in width from 5 cm (2
in) to a meter (3 ft) that are composed primarily of microcline, quartz and abundant
graphite. The calcareous schists can contain as much as 16 weight percent graphite, which
is easi.:g mined due to the highly weathered nature of the rock; marble lenses are associated
i e graphite-rich horizons. Although the marble can be found throughout the
Pickering, it appears that most marble lenses occur near the contact between the Pickering
and the granulite gneisses (Ygg). If the granulite gneisses are older and underlie the
Pickering, as implied in the correlation chart, this would place most of the marble near the
base of the Pickering. This unit, which is probably a metamorphosed sedimentary
sequence, is metamorphosed to the granulite grade of metamorphism north of the
Brandywine Manor thrust fault, and to the amphibolite facies south of the fault

, the maximum thickness is 60 m (200 ft) in the east,
e Harpers ranges from 240 m (800 ft) in the north
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Marble (Middle Proterozoic)—Discontinuous lenses of coarse-grained, white marble with
ﬁcant accessory graphite occurring both as individual grains and as concentrated
en parallel to Ea regional schistosity. Occurs throughout the Pickering Gneiss
(Ypgn), but appears to be concentrated near the contact between the Pickering and the
granulite gneisses (Ygg). If the ﬁckering is younger and sits on top of the granulite gneisses,
then marble is concentrated in the lower part of the Pickering

Amphibolite (Middle Proterozoic)—Medium- to coarse-grained, very dark gray to black,
homblende -plagioclase schist and gneiss that can contain as much as 5 percent

ypersthene ang1 accessory magnetite, epidote, zircon, pyrite and, in many cases, abundant
sphene Because of its wide-ranging association with the Pickering (Ypgn), amphibolitic
migmatite (Ymg), leucocratic gneisses (Ylg), and marble (Ym]), rt is highly likely that this
unit has at least two different protoliths, one that is sed:menlary and generally associated
with calcareous schists and gneisses, and another that is igneous and associated with both
metaplutonic and metavolcanic rocks

Ampl'llbolitic migmatite and related hybrid rocks (Middle Proterozoic)—Schists and
gneisses ran%;lg in composition from felsic to intermediate to mafic, but with the largest
component being intermediate in composition. Contains a great vanety of rock types
including medium- to very coarse grained, graphitic schists that are migmatized to varying
degrees; lenses of fine- to coarse-grained marble; coarse- to extremely coarse grained
amphibolites containing as much as 50 percent almandine; plagioclase amphibolites with
a trace to 5 percent h ne, and medium-grained, biotite-blue quartz-oligoclase-

gamet-layered gneiss. Clearly some, but icobably not all, of these rocks represent the
Pickering Gneiss (Ypgn) and related ampl-u lites and marbles that have been migmatized
and injected with a felsic magma. Makes up most of the Trenton Prong

lgumc and Ii;thermedlatd?u felsic (Mﬂe Proterozoic)—Fine- to medlmmm
grai ite to light- to medium -gray, microcline-microperthite-quartz gneiss

minor homblende magnetite, and biotite intimately associated with biotite-oligoclase-
microperthﬂe—quam eiss. This unit is interlayered with amphibolite at all scales, Found
both north and of the Brandywine Manor thrust fault at both amphibolite- and
granulite-facies rnetan'lorphism. P‘:;nbably a 1'netamani‘;kﬂ| felsic volcanic or
volcaniclastic rock. Ma roughly equivalent in ng Gneiss {ngn} and
ynun?a than Honey rook anorthosite (Yha) and related chamockitic granulite gneisses

lYQG
Brook anorthosite (Middle Pmtemoic)—A_ la:ge ﬂ?e)ocenm dloc:lillg

m body of anorthosite ranging

anorﬂ'loslte anorthositic diorite, amdg a layered drome The mafic component, primarily
homblende, biotite, and magnetite increases from 10 percent in the core to 60 percent in
the rim. The entire body displays a hypidiomorphic texture and contains plagioclase,
hornblende, magnetite, apatite, and biotite. Although the Honey Brook anorthosite and
the leucocratic and intermediate gneisses (Ylg) are both light colored and, in some places

similar in composmon the lemm-ahc and intermediate gneisses in contrast, have a texture

that varies from E::all doblastic. Occurs entirely within the gmnulrte facies of
metamorphism. y mnuded coarse-grained, light-gray, microcline perthite-quartz-
plagioclase pegmatite accessory homblende, biofite, gamet, and magnetite.
Plagbclasets myrmeldﬁc

Granulite gneisses (Middle Proterozoic)—Rocks of chamockitic characteristics
associated with and probably intruded by the Honey Brook anorthosite (Yha). Coarse-
grained, leucocratic to slightly melanocratic, commonly layered, mesoperthite-plagioclase-
quartz-homblende-biotite (potassium feldspar clinopyroxene, hypersthene, gamet and
sillimanite). Exposed north of the Brandywine Manor thrust fault, e for a small area
centered 1 mile (1.6 km) west-northwest of Chester Springs, Penn., where it is exposed
in a small tectonic window completely surrounded by ampl-ubome grade rocks. The
hﬁaferredfaﬁuh framing this window is shown on cross section A-A' as the Brandywine
nor t

Paleozoic and Late Proterozoic Cover Rocks of the Southern Piedmont

Most of these rocks are highly deformed mélanges containing exotic blocks of altered mafic and
ultramafic rocks, which may, in some cases, represent dismembered ophiolites. These rocks probably

to earliest Paleozoic. are definitely older that the regional

schistosity, which is presumed to be of Taconic age everywhere. The Swarthmore Granodiorite is
probably an igneous rock associated with the Taconic metamorphic event and is included below for
convenience.

All rocks in the West Chester Prong have been

Swarthmore Granodiorite (Ordovician)—Microcline quartz-biotite-musco-
vite gneiss with epidote, sphene, and apatite The contact between the
Wissahickon Formation (€2Zw) and _the Swarthmore is characterized by a series of
replacement textures such as m perthite, anti perthite, corroded quartz, and the
formation of mlcaquartz and epidote—quarlz ites in contact with microcline and
quartz. However, a thrust fault brings the Wlssa}uc n south over the granodiorite further
complicating the relations between these units

Wissahickon Formation® (Cambrian and Late Proterozoic)—Fine- to medium-grained,
medium- to darkgratf\:.cto black, brownish-gray to slightly rusty weathering, aluminous,
peliﬂc schist, feldspathic metagraywacke with thin interbedded amphibolites, and lenses
and pods of altered ultramafic rocks. Rocks range in metamorphu: grade from greenschist
through upper amphibolite facies, including producing migmatites. Where
the unit is exposed in thin fault slivers between the Cream %a]!ey fault and the fault contact
on the south side of the Octoraro Phyllne (€Zo), it is a highly crenulated, coarse-grained,
ﬁmehmca schist. Southeast toward the type sections along Wissahickon Creek in
iladelphia the metamorphic de increases and the tage of feldspathic
metagraywacke increases. In south part of map area the unit momes gneissic. Contact
with the Swarthmore Granodiarite {Qa | within the map area is a thrust fault (probably
a back-thrust) bringing the Wissahickon south over the granodiorite

Peters Creek Schist (Cambrian and Late Proterozoic)—A flyschoid sequence of
metagraywacke, metasemipelite and pelite rich in quartz and magnetite. The

metagral is fine to medium grained, light to medium gray, vellowish- to reddish-
brown weathering, well-bedded with graded beds and parallel laminations r izable in

The metasemipelite is fine to medium grained, light to medium gray, ish brown
weathering schist and gneiss. The metapelite is fine grained, lustrous, greenish
reddish brown weathering, quartz-rich phyllite, schist, and mica gneiss.
sedimentary facing indicators and sense of rotation of minor folds, it is ible that the
entire outcrop belt of the Peters Creek on this map is upside down. Thic estimate is

impossible due to faulting and incomplete section. Contains tectonic slivers of altered
ultramafic rocks, primarily serpentinite (€Zs)

e (Cambrian and Late Proterozoic)—Tectonic lenses, pods, and slivers of
serpentinlte with abundant actinolite and chlorite. Highly sheared rocks that preserve few
igneous textures. These tectonic lenses are found within the Member C of the
Manhattan Schist (€Zmc) and the Wissahickon Formation (€Zw), but are present in
ter abundance east of Cameron’s Line (the unnamed thrust fault that wraps around
taten Island on the east side of the Newark 1° x 2° quadrangle) in the Hartland terrane
of Westchester County, N.Y. and western Connecticut. Although none of the rocks
associated with the serpentinite bodies east of Cameron’s Line are found within the map
area, a very serpentinite body underlies much of Staten Island. Many of these
tinite have probably been depositionally included in the surrounding
faul entary rocks after their tectonic inclusion along numerous shear planes and thrust
ts

Amphibolite (Cambrian and Late Proterozoic)—Fine-to coarse-grained, “salt and

pepper-textured, hornblende- sﬁoclaseepidote rock with minor magnetite in
d:seontmuous layers lenses and commonly IExara[lel to cleavage and, in some places,
to bedding, contained within the Wissahickon Formation (€Zw), Peters Creek Schist
b?ngdse and Member C of the Manhattan Schist (€Zmc). Protolith may be intrusive sills

Member C of the Manhattan Schist of Hall (1976) (Cambrian to Late Proterozoic)—
Fine- to medium-grained, medium-dark-gray to black, brown- to brownish-gray- and
rusty-weathering feldspathic sillimanite-garnet-muscovite-biotite schist and layered ﬂ'nebs
with lesser siliceous schist, thin metaquartzite, metagraywacke, and amphibolite.
well-foliated, with beddmg difficult to recognize. In some places contains large s.ills of
amphibolite and lenses of serpentinite. Thickness perhaps as much as 1,600 m (5,200 ft),
but estimates are difficult because of incomplete section due to faulting

Middle Proterozoic Basement Rocks of the Southern Piedmont

hosed to granulite grade during the

metamorp
Proterozoic and to a high grade during the Taconic. The rocks described below display significant
variation from west to east in the West Chester Prong, and are therefore subdivided into an eastern and
western facies. Although most of the map area falls in the eastern end of the West Chester Prong, both
facies are described. Immediately south of the mapped area these same rocks have been retrograded

to amphibolite grade.

. -

Aluminous quartzites (Middle Proterozoic)—These rocks are found only in the western
end of the West Chester Prong and only in one small pod at the south edge of this map.
They are coarse gramed primarily kyanite-quartz-garnet rocks with accessory phlogopite,
plagioclase, orthoclase, fine perthite, and occasional rutile, ?raphltae zircon, and zinc-rich
spinel and staurolite. Kyamhecan beas muchasdﬂpemento the rock and generally occurs
as aggregates. In some places, however, the rocks become garnet-quartz granulites with
accessory zircon. Both the kyanite- or garnet-rich, quartzose rocks contain very little
alkalies. They may either nt the restite left after partial melting of a quartz-rich
sediment or may be metamorphosed clay deposits

xene granulites (Middle Proterozoic)—In the eastem end of the West Chester
Prong, these hypersthene-salite-plagioclase granulites are grained, faintly foliated,
and have equigranular granoblasﬁc textures and diorite to gabbro composition.

lscommo‘:ly low in potassium. Accessories consist of magnetite
and(or) ﬂmemte zircon, and apatite. In the western end of the West Chester Prong, these
rocks differ by ha\nng no foliation and, in places, by containing hornblende in addition to
the two pyroxenes. Also, there are 1 ~10cm (0. 5—4111] lenses ol'ooamegajnedpyroxm
containing 90 percent hyperslhe“ne and 10 percent salite. The protoliths for these rocks are
most likely a series of mafic and ultramafic igneous rocks, perhaps olivine basalts or gabbros

Quartzofeldspathic granulites (Middle Proterozoic)—In the eastern end of the West
Chester Prong, these rocks are coarse grained, dark colored, quartz-potassium-feldspar-
garnet-biotite granulites with occasional clinopyroxene and hornblende, that are highly
variable in mineralogy and composition. They contain a conspicuous lineation ma.rkelﬂ by
streaks of mafic minerals. In the western end of the West Chester Prong, these granulites
contain much more quartz (as much as 50 percent), are finer grained, lighter in color, and
have more abundant ium f in the form of coarse mesoperthite, which is
present in roughly equal amounts to plagioclase. The second metamorphism produced

coronas plagioclase and mafic minerals. To the south of the map area,
these rocks underwent extensive recrystallization at amphibolite grade. The protoliths for
these rocks are most likely sedimentary, perhaps quartz-rich graywackes, with or without
avolcaniclastic component

*Note

1) The Brunswick Formation as ogw ally defined by Kiimmel (1897) is raised in rank to the Brunswick
a

Group and is revised to include th

tchung Basalt of Darton (1890), which is herein abandoned.

Olsen (1980a, b) divided these rocks into seven formations in New Jersey, which are, tromymmge;tm
oldest, the Boonton Formation, Hook Mountain Basalt, Towaco Formation, Preakness Basalt, Feltville

Formation, Orange Mountain Basalt, and Passaic Formation. The Orange

Mountain Basalt through the

Boonton Formation, as well as the Jacksonwald Basalt in Pennsylvania, are herein accepted for use by

the U.S. Geological Survey. The Passaic Formation of Olsen (1980a) has enough textural differences
betweenns%pesechan in northeastern New dJersey and its outcrops in that the
Pennsylvania Geological Survey has not accepted that name. Likewise, the use of the Passaic Formation

in western New Jersey is open to question. Several varieties of conglomerates, whose strati hic

positions are not entirel
Jacksonwald Basalt near eadmg, Penn., is probably the same flow as the Orange
the strata overlyi
Formation of

Gettysburg basins in the New

clear, are listed separately from the units of the Brunswick Group.

Mountain Basalt. and
g the Jacksonwald {the upper part of the Brunswick Group) correlate with the Feltville
re 1 shows the regional stratigraphic relations for the Newark and

ew Jersey. Fi
°x 2° quadrangle.

2) The name Wissahickon Formation herein applies only to those rocks included in the original definition

of the Wissahickon mica gneiss

Philadelphia area between Chestnut Hill and Manayunk as well as the narrow, fault-bounded, slivers

south of
3) The name Octoraro Schist of Bascom (1909) is herein reinstated for use by the U. S. Geological Survey

and is changed to Octoraro Phyllite. The assignment of the Cambrian-Late Proterozoic age

(Bascom and others, 1909). This includes the type section in the

and Devon, Penn.

is based on

regional correlations with similar rocks in the high-Taconic slices of the Berkshires of Massachusetts {e.g.,
the Everett Formation) and the fact that these rocks rest in structural (not depositional) contact on e
underlying Conestoga Limestone of probable Ordovician-Cambrian age. These rocks are not part of the
Wissahickon Formation as assumed by many workers.
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FIGURE 4—Schematic diagram showing geologic relations in the Piedmont.
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FIGURE 5—Index map showing sources of data. Numbers refer to asterisked entries in reference list.
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